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PREFACE. 


The  object  in  writing  the  present  treatise  has  been  to 
give,  in  a  moderate  compass,  a  methodical  and  scientific 
exhibition  of  the  elementary  principles  of  Astronomy,  and 
to  furnish  the  student  with  rules  and  tables  for  making 
some  of  the  more  useful  and  more  interesting  calculations* 
The  work  is  divided  into  two  parts ;  the  first  containing 
the  theory,  umd  the  second,  practical  problems. 

Particular  attention  has  been  given  to  the  arrangement 
of  the  first  part.  The  different  subjects  are  introduced  in 
such  order  as  to  make  it  unnecessary  for  the  student  to 
anticipate  propositions  in  advance  of  those  which  he  is 
studying.  The  definitions  are  given  as  they  are  wanted 
in  the  course  of  the  work,  and  after  previous  investi^ga-' 
tioDs  have  served  to  render  them  easily  understood. 

Astronomy,  when  taken  in  its  whole  extent,  and  with  all 
its  dififerent  methods,  necessarily  forms  a  large  treatise. 
It  is  not  therefore  practicable  to  give  those  various 
methods,  in  a  work  of  the  size  to  which  it  has  been 
thought  proper  to  limit  this.  Neither  are  they  important, 
except  to  those  who  devote  very  decided  attention  to  this 
interesting  science ;  and  they  must  have  recourse  to  more 
extended  works.  Most  students  are  satisfied  with  obtain- 
ing a  correct  general  knowledge  of  the  subject,  and  of  the 
means  by  which  the  principal  facts  have  been  discovered 
or  can  be  established,  without  entering  into  all  the  inves-  i 
ligations  necessary  to  render  those  means  the  most  effi- 
cacious in  giving  precision  to  the  results.  In  conformity 
1 
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with  these  views,  I  have  seldom  given  more  than  one 
method  of  determining  any  particular  fact,  and  have 
avoided  entering  into  minute  details  that  did  not  appear 
necessary  to  a  proper  comprehension  of  the  subject.  In 
the  demonstrations,  the  student  is  supposed  to  be  ac- 
quainted with  Algebra,  Geometry,  Plane  and  Spherical 
Trigonometry,  and  Conic  Sections,  or  at  least  the  proper- 
ties of  the  Ellipse.  As  many  persons  study  Astronomy 
who  have  no  knowledge  of  the  Differential  Calculus,  it 
has  not  been  used,  though  in  a  few  cases  it  might  have 
been  introduced  with  advantage. 

The  Problems  in  the  Second  Part  are  principally  for 
making  calculations  relative  to  the  Sun,  Moon,  and  Fixed 
Stars.  The  Tables  of  the  Sun  and  Moon,  which  are  used 
in  these,  have  been  abridged  from  the  table&itPf  Delambre 
and  Burckhardt,  and  reduced  to  the  meridian  of  Greenwich. 
Although  the  quantities  are  only  given  to  whole  seconds 
and  several  small  equations  have  been  omitted,  the  places 
of  the  sun  and  moon  obtained  from  these  tables  will  be 
very  nearly  correct,  for  any  time  within  the  period  to 
which  the  tables  of  Epochs  extend.  Rules  are  also  given 
for  obtaining  the  places  and  motions  of  the  sun  and  moon 
for  a  given  time  from  the  Nautical  Almanac.  Each  of 
the  problems  is  illustrated  by  one  wrought  example ;  and 
to  most  of  them  are  added  one  or  two  unwrought  ques- 
tions, with  the  answers  annexed,  to  serve  as  exercises  for 
the  student. 

While  writing  the  present  treatise,  I  have  had  recourse 
to  several  of  the  best  modem  publications  on  the  subject; 
among  which  may  be  particularly  mentioned  those  of 
Vinee^  Woodhouse^  Playfair^  Delambre^  Biot^  and  Laplace. 
From  these  I  have  adopted  the  methods  which  best  suited 
my  purpose,  making,  when  it  appeared  necessary,  such 
modifications  in  them  as  the  {ilan  of  the  work  required. 
In  the  Projection  of  Eclipses  and  Occultations,  a  method 
is  given  which  is  believed  to  be  new,  and  which  rendera 
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the  operation  more  simple,  without  materially  affecting 
the  accuracy  of  the  results.  An  easy  method,  derived 
from  the  former,  is  also  given  for  tracing  the  central  path 
of  an  eclipse  of  the  sun. 

In  a  work  of  this  description,  particularly  when  printed 
from  manuscript, errors  must  be  expected  to  occur;  some 
proceeding  from  inadvertencies  on  the  part  of  the  author, 
and  others  occurring  in  the  press.  Such  as  have  been 
discovered,  which,  it  is  believed,  include  all  that  arc  im- 
portant, are  enumerated  at  the  end  of  the  volume. 

JOHN  6UMMERE. 
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ADVERTISEMENT  TO  THE  SECOND  EDITION. 

The  work  has  undergone  a  careful  revision,  and  has 
received  considerable  additions  in  both  parts.  In  the  ap* 
pendix  to  part  first,  a  general  analytical  investigation  of 
eclipses  of  the  sun,  occultations,  and  transits,  has  been 
introduced ;  and  in  part  second,  the  formulse  obtained  are 
applied  in  practical  problems  for  calculating  these  pheno- 
mena. The  table  of  the  sun's  epochs,  commencing  with 
the  year  1836,  has  been  improved  by  the  application  of 
Bcssel's  corrections.  The  epochs  for  the  preceding  years 
are  retained  as  in  the  former  edition,  as  several  of  them 
are  used  in  examples  which  it  was  not  deemed  necessary 
to  change.  The  tables  of  epochs  both  for  the  sun  and 
moon  have  been  extended.  And  tables  of  the  planet 
Mercury,  abridged  from  Lindenau's  tables  and  adapted  to 
the  meridian  of  Greenwich,  have  been  introduced.  These 
serve  to  illustrate  the  method  of  calculating  the  place  of 
a  planet,  and  they  are  sufficiently  accurate  for  determining, 
nearly,  the  times  of  a  transit  of  this  planet  over  the  sun*s 
disc.    Several  other  useful  tables  have  also  been  added. 

J.G. 

HtTcrford  School,  Imo.  1887. 
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CHAPTER  I. 

GENERAL  PHENOMENA  OF  THE  HEAVENS. 

1.  jSstronomy  is  the  science  which  treats  of  the  appear- 
ances, motions,  distances,  and  magnitudes  of  the  heavenly 
bodies.  Physical  astronomy  is  that  part  of  the  science  in 
which  the  causes  of  their  motions  are  considered,  and  the 
effects  of  those  causes  explained. 

2.  If,  in  a  clear  night,  we  fix  our  attention  on  the 
heavens,  and  continue  to  observe  them  at  intervals  for  a 
lew  hours,  we  may,  without  the  aid  of  any  instruments, 
obtain  several  useful  results.  It  will  be  seen  that  the  stars 
retain  the  same  positions  with  regard  to  one  another;  but 
that  their  positions  with  reference  to  the  earth,  are  continu- 
ally changing.  Those  in  the  eastern  part  of  the  heavens 
become  more  and  more  elevated,  and  others  which  were 
not  at  first  visible,  come  into  view,  or  rise.  Those  in  the 
western  part  descend  lower  and  lower,  till  they  go  out  of 
view,  or  set.  In  the  southern  part,  some  will  be  observed 
to  come  into  view,  rise  to  a  small  elevation,  then  descend 
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and  go  out  of  view,  to  the  west  of  their  places  of 
rising.* 

S.  If  we  direct  our  attention  towards  the  north,  different 
phenomena  present  themselves,  it  will  be  observed  that 
there  are  many  stars  in  that  part  of  the  heavens,  which  do 
not  set  Those  that  are  descending,  continue  to  do  so 
till  they  arrive  at  certain  lowest  points,  and  then  begin  to 
ascend.  They  appear  to  revolve  or  describe  circles  about 
a  certain  star,  which  seems  to  remain  stationary.  This 
star  is  called  the  Pole  Star. 

All  the  stars  that  do  not  set  are  called  Circumpolar 
Stars. 

4.  When  the  pole  star  is  more  accurately  observed,  by 
the  aid  of  suitable  instruments,  it  ceases  to  appear  sta- 
tionary. It  is  found  to  have  an  apparent  motion  in  a  small 
circle,  around  a  certain  point  as  a  centre,  distant  about  i? 
from  it.  This  point  is  called  the  JS/orthJ^ole  of  the  Heavens^ 
or  simply  the  M)rth  Pole. 

It  is  about  this  point  as  a  centre,  and  not  the  pole  star, 
that  the  apparent  revolutions  of  the  stars  are  performed. 

5.  The  stars  appear  to  move,  from  east  to  west^  exactly 
as  if  attached  to  the  concave  surface  of  a  hollow  sphere, 
which  revolves  on  its  axis  in  a  space  of  time  nearly  equal 
to  24  hours.  This  motion,  which  is  common  to  all  the 
heavenly  bodies,  is  called  the  Diurnal  Motion. 

6.  If  wo  examine  the  situations  of  the  Moon,  on  succes- 
sive nights,  we  shall  find  that  she  changes  her  position 
among  the  stars,  and  advances  from  toest  to  east. 

7.  The  sun  also  appears  to  partake  of  this  motiou,/fOfn 
west  to  east^  relative  to  the  stars.  This  may  be  inferred 
from  observing  the  stars  in  the  west  after  the  sun  has  set 
If  our  observations  be  continued  for  a  number  of  successive 
evenings,  we  shall  find  that  the  sun  continually  approaches 
the  stars  situated  to  the  eastward  of  him. 

8.  Besides  the  sun  and  moon,  there  are  ten  stars  which 

*  Hera*  and  in  oUier  parts  of  the  work,  unless  the  contrary  i>  mentionedi  th« 
obserfer  is  supposed  to  be  in  the  United  Statev,  or  in  the  southern  or  middle  parts  of 
Europe. 
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Jbmid  to  cba&ge  their  situatiomi  with  respect  to  the 
other  stars,  and  have  a  motion  among  them  from  west  to 
eosf.  These  are  called  Planets.  Five  of  them,  named 
Menury^  Venus^  JttarSf  Jupiter^  and  Saturn^  are  visible  to  the 
naked  eye,  and  were  known  to  the  ancients. 

The  other 'five  are  named,  Uranus^*  Vesta^  Juno^  Ceresj 
and  PdZott.  None  of  them  can  be  seen  without  the  aid  of 
a  telescope,  except  Uranus;  which  under  favourable  cir- 
cumstances is  discernible  by  a  good  eye*  They  have  not 
been  long  known. 

The  stars  which  do  not  sensibly  change  their  situations, 
with  respect  to  one  another,  are  called  Fixed  Stars. 

9.  There  are  some  stars  that  occasionally  appear  in  the 
heavens,  which  have  a  motion  among  the  fixed  stars,  and 
only  continue  visible  for  a  few  weeks  or  months.  They 
are  frequently  accompanied  by  a  faint  brush  of  light,  called 
a  tail.    These  are  named  Comets. 

10.  If  a  person,  placed  on  the  margin  of  the  sea,  observe 
a  vessel  receding  from  the  land,  he  will  first  lose  sight  of 
the  hull,  then  of  the  lower  parts  of  the  sails,  and  lastly  of 
the  topsails.  This  will  be  the  case,  in  whatever  direction 
the  vessel  pursues  her  course,  or  in  whatever  part  of  the 
earth  the  observation  is  made.  We  hence  conclude  that 
the  surface  of  the  sea  is  convex.  It  is  also  well  known, 
that  vessels  have  sailed  entirely  round  the  earth,  in  various 
directions.  From  these  circumstances  it  is  inferred  that 
the  form  of  the  earth  is  globular.  It  will  be  shown  in  a 
subsequent  chapter  that  the  earth  is  very  nearly,  though 
not  exactly,  a  sphere. 

1 1.  In  astronomical  investigations,  except  when  great 
accuracy  is  required,  it  is  usual  to  consider  the  earth  as  a 
perfect  sphere. 

12.  The  angular  distance  between  any  two  of  the  fixed 
stars,  is  found  to  be  the  same,  in  whatever  part  of  the 
earth's  surface  the  observation  is  made.     It  follows,  there- 

*  TbB  planet  Uranas,  which  wu  di80o?ered  hy  Dr.  Herschel,  was  by  him  named 
G«orfiiiiB  Sidufl,  in  honour  of  hia  patron.  King  George  III.  By  the  French  it  waa 
eallid  HeraeheL    It  ia  now  generaUy  known  by  the  name  given  in  tiie  text. 
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fore,  that  the  distance  of  the  stars  from  the  earth  is  no 
great,  that  the  earth's  diameter,  compared  with  it,  is 
insensible. 

13.  It  is  not  supposed  that  the  fixed  stars  are  all  at  the 
same  distance  from  the  earth.  But  since  their  distances 
are  so  immensely  great  that  the  most  accurate  observa- 
tions do  not  indicate  a  difierence,  they  may  be  considered 
as  placed  in  the  concave  surface  of  a  sphere,  having  the 
same  centre  with  the  earth.  This  sphere  is  called  the 
Celestial  Sphere. 


CHAPTER  II. 

DEFINITIONS  OF  TERMS. ASTRONOMICAL  INSTRUMENTS. 

1.  The  ^xis  of  (he  Heavens  is  an  imaginary  straight  line, 
joining  the  north  pole  of  the  heavens  and  centre  of  the 
earth,  and  extending  to  the  southern  part  of  the  celestial 
sphere.  It  is  the  line  about  which  the  heavens  appear  to 
revolve.  The  point  in  which  it  nieets  the  southern  part 
of  the  celestial  sphere,  is  called  the  South  Pole  of  the  Hea^ 
vens^  or  simply  the  South  Pole. 

2.  The  JVorth  and  South  Poles  of  the  Earth  are  the  points 
in  which  the  axis  of  the  heavens  intersects  the  surface  of 
the  earth. 

3.  The  Celestial  Equator i*  or  simply  ike  Equator^  is  the 
great  circle  in  which  a  plane  through  the  earth's  centre, 
and  perpendicular  to  the  axis  of  the  heavens,  intersects 
the  celestial  sphere.  The  circle  in  which  this  plane  inter- 
sects "the  earth's  surface  is  called  the  Terrestrial  Equator. 

The  north  and  south  poles  of  the  heavens  are  evidently 
the  poles  of  the  equator. 

4.  A  Declination  Circle  is  any  great  circle  which  passes 

*The  celestial  equator  is  lomeUmea  called  the  E^mnoeiiaL  More  coromoDi/, 
however,  the  term  equator  simply,  is  applied  both  to  the  celestial  and  the  terrestrial 
equator ;  the  context  generally  seryingr  to  designate  which  is  intended.  The  same 
observation  applies  to  the  terms  pole  of  the  heavens  and  terrestrial  pole. 
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through  the  poles  of  the  celestial  equator.    It  intersects 
the  equator  at  right  angles. 

5.  The  DecUnaHan  of  a  heavenly  body  or  of  any  point 
in  the  celestial  sphere,  is  the  arc  of  a'  declination  circle, 
intercepted  between  the  equator  and  the  centre  of  the 
body,  or  the  point  The  declination  is  said  to  be  north  or 
souihj  according  as  the  body  or  the  point  is  on  the  north 
or  south  side  of  the  equator. 

6.  The  Zenith  and  JYadir  of  any  place  on  the  earth's 
surface  are  the  points  above  and  below,  in  which  a  straight 
line  passing  through  the  place  in  the  direction  of  gravity, 
that  is  in  the  direction  of  a  plumb  line,  when  a  plummet  is 
freely  suspended  and  is  at  rest,  meets  the  celestial  sphere. 

7.  The  Horizon  of  a  place,  or  as  it  is  sometimes  called 
the  Sensibk  Horizon^  is'the  circle  in  which  a  plane,  passing 
througfi  the  place  and  perpendicular  to  the  line  joining  the 
zenith  and  nadir,  cuts  the  celestial  sphere.  The  plane 
itself  is  also  frequently  called  the  Horizon. 

The  circle  in  which  a  plane,  passing  through  the  carth^s 
centre  and  parallel  to  the  plane  of  the  sensible  horizon, 
cuts  the  celestial  sphere,  is  called  the  Bational  Horizon. 

8.  The  Meridian  of  a  place,  is  a  declination  circle  which 
passes  through  the  zenith  of  the  place. 

The  meridian  cuts  the  horizon  at  right  angles,  in  two 
points,  called  the  JVorth  and  South  Points  of  the  horizon. 

9.  A  Meridian  Line  at  any  place,  or  Terrestrial  Meridian^ 
is  the  intersection  of  the  plane  of  the  meridian  of  the  place 
with  the  earth^s  surface. 

10.  The  Latitude  or  Geographical  Latitude  of  a  place  is 
the  arc  of  the  meridian  intercepted  between  the  equator 
and  the  zenith  of  the  place.  The  latitude  is  considered  as 
being  north  or  south,  according  as  the  zenith  is  to  the 
north  or  south  of  the  equator. 

It  follows  from  the  fifth  article,  that  the  latitude  of  a 
place  is  the  same  thing  as  the  declination  of  the  zenith  of  the 
place. 

11.  A  Vertical  Circle  is  any  great  circle  which  passes 
through  the  zenith  and  nadir  of  a  place.     It  cuts  the 
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horizon  at  right  angles.    A  straight  line  in  the  direction 
of  gravity  at  any  place  is  called  a  Vertical  Line. 

12.  The  Prime  Vertical  is  that  vertical  circle  which  is  at 
right  angles  to  the  meridian  of  any  place. 

The  prime  vertical  cuts  the  horizon  in  two  points,  called 
the  East  and  West  Points  of  the  horizon. 

13.  The  Altitude  of  a  heavenly  body  or  of  a  point  in  the 
celestial  sphere,  is  the  arc  of  a  vertical  circle  intercepted 
between  the  horizon  and  the  centre  of  the  body,  or  the 
point  The  Azimuth  of  a  body  is  the  arc  of  the  horizon 
intercepted  between  a  dechnation  circle  through  the 
centre  of  the  body,  and  the  north  or  south  point  of  the 
horizon. 

The  complement  of  the  altitude  of  a  body  expresses  the 
distance  of  the  body  from  the  zenith,  and  is  called  the 
Zenith  Distance  of  the  body. 

14.  The  Culmination  of  a  celestial  body  is  the  passage 
of  its  centre  over  the  meridian.  This  is  also  called  the 
Transit  of  the  body  over  the  meridian. 

The  definitions  of  other  astronomical  terms  will  be  found 
in  succeeding  parts  of  the  work. 

ASTRONOMICAL    INSTRUMENTS. 

15.. For  making  accurate  astronomical  observations, 
various  instruments  are  necessary.  Some  of  these,  with 
the  purposes  to  which  they  are  applied,  it  will  be  proper 
briefly  to  mention. 

1 6.  The «>^tf/ronomtWdbdb  differs  from  the  common  clock, 
in  having  its  different  parts  constructed  with  much  greater 
care  and  precision,  and  in  having  what  is  called  a  Comr 
penscding  Pendukm;  that  is,  a  pendulum  with  a  rod  so 
formed  by  a  combination  of  materials  that  its  length  is  not 
sensibly  affected  by  changes  in  the  temperature  of  the  air. 

17.  A  Chronometer  is  a  balance  watch,  constructed  with 
various  improvements  and  refinements  of  modern  art,  so 
as  to  insure  great  precision  in  its  rate  of  going. 

The  perfection  to  which  the  astronomical  clock  and 
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dirosometer  are  at  preseDt  brodght^  is  such,  that  the  error 
to  which  a  good  instrument  of  either  kind  is  liable  id  its 
rate  of  going,  falls  considerably  short  of  a  single  second 
in  twenty-four  hours. 

18.  The  Trmsit  hHrutneni  is  an  instrument  used  for 
obserfing  the  culminations  of  the  heavenly  bodies.  It 
consists  of  a  telescope  firmly  fixed  to  a  strong  axis,  placed 
exactly  at  right  angles  to  its  ledgth.  This  axis  terminates 
in  cylindrical  pivots  of  equal  size,  which  rest  in  notches 
formed  in  supports  for  the  two  ends.  When  the  instru* 
mentis  fitted  up  for  use,  this  axis  is  so  adjusted  by  means  of 
appendages  for  the  purpose,  that  its  central  line  is  exactly 
parallel  to  the  horizon  and  at  right  angles  with  the  plane 
of  the  meridian  at  the  place  of  dbservation.  Consequently 
the  telescope  must  be  in  the  plane  of  the  meridian. 

In  the  tube  of  the  telescope,  near  to  the  eye  glass,  a  ring 
is  placed,  across  the  middle  of  which,  an  extremely  fine 
wire  or  spiderVline  is  fixed  in  a  horizontal  direction.  This 
is  crossed  at  right  angles  by  five  equidistant  ones.  The 
ring  is  capable  of  being  moved  by  screws,  and  may  be  so 
adjusted  that  the  straight  line  joining  the  centre  of  the 
eye-glass  and  the  intersection  of  the  horizontal  wire  with 
the  middle  one  of  the  five  vertical  wires,  technically  called 
the  Ldne  of  CoWmation^  may  exactly  coincide  with  the 
central  line  of  the  telescope;  that  is,  with  the  line  joining 
the  centres  of  the  eye-glass  and  object-glass. 

When  the  whole  instrument  is  properly  adjusted  for 
observations,  the  line  of  collimation  coincides  with  the 
plane  of  the  meridian,  in  every  position  of  the  telescope 
as  it  is  made  to  turn  round  on  the  axis  of  the  instrument 

Traqsit  instruhients  are  made  of  very  difierent  dimen- 
sions; the  length  of  the  telescope  varying  from  20  inches 
to  10  feet  Those  of  the  smaller  sizes  have  metallic  stands 
capable  of  being  moved  from  place  to  place,  and  are  called 
portable  instruments.  In  those  of  larger  dimensions,  the 
immediate  supports  of  the  instrument  rest  on  stone  piers. 
These  are  called  fixed  instruments. 

19.  The  IVoftnf  Ctrcie  differs  from  the  transit  instrument 
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in  having  an  accurately  graduated  vertical  circle,  usudiy 
of  considerable  size,  firmly  connected  with  the  telescope 
and  axis ;  its  centre  being  in  the  central  line  of  the  axis, 
and  its  graduated  face  at  right  angles  with  this  hne.  The 
graduations  of  the  limb  are  such,  that  by  means  of  vernier 
indices  or  microscopes  of  a  peculiar  construction,  an  arc 
of  the  limb  may  be  read  off  to  a  second  or  even  to  the 
fi-action  of  a  second. 

This  instrument  may  be  used  as  a  transit  instrument ; 
but  its  prominent  use  is  to  determine  with  great  accuracy 
the  meridian  aUiludes  of  the  celestial  bodies. 

20.  The  Altitude  and  Azimuth  Instrument  is  an  instrument 
the  principal  parts  of  which  consist  of  a  graduated  vertical 
circle  with  an  attached  telescope,  and  a  graduated  hori- 
zontal circle ;  the  former  being  placed  perpendicularly  over 
the  centre  of  the  latter.  These  are  so  combined  that,  by 
motions  of  the  frame  supporting  the  vertical  circle  and  of 
this  circle  itself  on  its  axis,  the  telescope  may  be  pointed 
to  an  object  in  any  part  of  the  heavens.  When  the  instru- 
ment has  been  properly  adjusted  for  observations,  and  the 
line  of  collimation  of  the  telescope  has  been  directed  to 
an  object,  the  altitude  of  the  object  will  be  exhibited  on 
the  vertical  circle  and  its  azimuth  on  the  horizontal  one. 

21.  The  Sextant  is  an  instrument  by  means  of  which  the 
angular  distance  between  any  two  of  the  heavenly  bodies 
may  be  measured  with  considerable  precision.  It  also 
serves,  with  the  aid  of  an  instrument  called  an  Artificial 
Horizon,  to  observe  the  altitude  of  a  body. 

The  Quadrant,  or  as  it  is  sometimes  called,  Hadley^s 
Quadrant,  is  nearly  similar  to  the  sextant,  but  it  is  made  of 
inferior  materials,  and  is  not  capable  of  measuring  angles 
with  the  same  accuracy.  It  is  principally  used  for  observ* 
ing  altitudes  at  sea. 

22.  The  Refiectifig  Circle  is  an  instrument  used  for  the 
same  purposes  as  the  sextant ;  but  it  is  more  complete  in 
its  construction,  and  is  capable  of  giving  greater  precision 
in  its  measurements. 

23.  A  Micrometer  is  an  instrument  which,  when  attached 
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to  a  telescope,  senres  to  measure  small  angles  with  great 
precisioD. 

Dr.  PearsoD^s  TreeOise  on  Pra^ieal  Astronomy  contains 
▼cry  foU  and  explicit  descriptions  of  most  astronomical 
instroments,  with  the  methods  of  adjusting  and  using  them, 
iHostrated  by  excellent  engravings.  Descriptions  of  the 
principal  instruments  may  also  be  found  in  Rees'  Cyclo- 
pedia and  in  the  Ekiinburgh  Encyclopedia. 

The  quadrant,  sextant,  and  reflecting  circle,  at  least  the 
two  form^,  are  extensively  used  at  sea,  and  are  usually 
described  in  treatises  on  navigation.  The  student  wiU 
find  ample  iuformation  relative  to  their  construction  and 
the  mamiOT  of  using  them,  in  Dr.  Bowditch's  ^  Practical 
Navigator." 


CHAPTER  ni. 

MERIDIAN  LINE. — SIDEREAL   DAY. — ^DIURNAL   MOTION. 

REFRACTION. 

I.  Let  ZR,  Fig  I.  represent  the  northern  part  of  the 
meridian  of  a  place,  Z  the  zenith,  P  the  pole,  HRO  the 
horizon,  SS'G  the  circle  which  one  of  the  fixed  stars 
appears  to  describe  in  its  diutnal  motion,  and  S  and  S' 
different  situations  of  the  star,  the  former  in  the  eastern 
and  the  latter  in  the  western  part  of  the  heavens ;  also  let 
PS  and  PS'  be  arcs  of  declination  circles,  ZSA  and  ZS'B 
arcs  of  vertical  circles,  and  let  the  situations  S  and  S'  of 
the  star  in  its  apparent  circle  be  such  that  the  altitudes 
AS  and  BS'  are  equal. 

Then  if,  as  it  appears  to  do,  the  star  continues  at  the 
same  distance  fi'om  the  pole  P,  the  arc  PS  =r  PS' ;  also 
l>ecause  ZA  =  ZB,  being  each  quadrants,  and  AS  =  BS', 
we  have  ZS  =  ZS',  and  PZ  is  common  to  the  two  tri- 
angles PZS  and  PZS';  therefore  the  angle  PZS  =  PZS', 
and  the  arc  AR  =  BR,  these  arcs  being  the  measures  of 
the  angles  PZS  and  PZS'.  Now,  RA  and  RB  are  the 
3 
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azimuths  of  the  star  when  in  the  situaticms  S  and  S'  (2«  13.)^ 
If  therefore  the  altitude  and  bearing  of  a  star  be  observed 
when  in  the  eastern  part  of  the  heavens,  and  its  bearing 
be  again  observed  when  it  arrives  at  the  same  altitude  in 
the  western  part  of  the  heavens,  the  line  bisecttng  the 
angle  made  by  these  bearings  will  be  a  meridian  line,  (2. 9«) 

2.  In  conformity  with  appearance,  we  have^  in  the  pre^- 
ceding  article,  made  the  assumption,  that  the  apparent 
diurnal  motion  of  a  star  is  in  a  circle*  The  probability 
that  this  assumption  is  true,  is  increased  by  the  fact  that 
repeated  accurate  observations  on  the  same  star  with 
different  equal  altitudes,  or  similar  observations  on  any 
other  star,  give  the  same  sitaation  for  the  meridian  line. 

3.  When  an  accurate  meridian   line  has  been  thus 
obtained,  a  transit  instrument  may  be  so  adjusted,  that  the. 
line  of  collimation  of  its  telescope  shall  move  in  the  plane 
of  the  meridian. 

4*  When  by  a  good  clock  the  exact  time  is  observed 
from  the  time  of  a  fixed  star  passing  tHe  meridian  on  any 
evening  to  the  time  of  its  passage  on  the  next  evening, 
and  this  observation  is  repeated  on  several  successive 
evenings,  it  is  found  that  the  interval  of  time  between  its 
passages  on  any  two  succeeding  evenings  is  the  same. 
Similar  observations  on  different  stars  give  the  same  inter- 
val of  time.  This  is  true,  not  only  for  the  time  between 
two  successive  passages  of  a  star  over  the  meridian,  but 
also  for  the  time  from  a  star  being  at  any  altitude  to  its 
return  to  the  same  altitude  on  the  succeeding  evening.  It 
appears  therefore  very  probable  that  the  diurnal  motion  of 
a  star  is  uniform. 

5.  The  time  between  two  successive  passages  of  a  star 
over  the  meridian  is  called  a  Sidereal  Day.  And  a  clock 
that  is  so  regulated  as  to  move  through  24  hours  in  the 
course  of  a  sidereal  day  is  said  to  be  regulated  to  Sidereal 
Time. 

•  The  first  Bomber  refine  to  the  ohtpier,  end  the  eecond  to  the  article.  When  a 
reference  ie  made  to  an  article  in  the  aame  chapter,  the  namber  of  the  article  only  is 
fifen. 
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&  We  kftve  mfiM'ted  as  probable,  that  tbe  dintDal  raotioii 
ei  a  star  is  perforoied  in  a  circle  about  tbe  pole  o(  tbe 
beavens,  and  ttmt  its  motioii  m  that  circle  is  uaiform.  If 
tftts  is  tbe  case  it  is  evident  tbat  the  distance  PS'  is  conr 
stant^and  tbat  the  angle  ZP8'  must  increase  unifwrnly 
with  the  time.  As  the  star  moves  through  the  whole  circle 
or  360''  in  24  sidereal  hours,  it  must,  if  its  motion  is  uni- 
foroK  move  through  Id''  in  each  hour,  and  consequently 
the  angle  ZPS'  must  increase  at  the  rate  of  IS""  per  hour. 
Now,  supposing  PZ,  the  distance  of  the  pole  from  the 
zenith,  and  PS",  tbe  distance  of  a  star  from  the  pole,  to  be 
known,  and  the  altitude  BS',  or  its  complement,  the  zenith 
distance  ZS'  of  the  star,  to  be  observed,  the  angle  ZPS' 
may  be  calculated.  Observations  and  calculations  thus 
made  on  a  star  at  di&rent  times  during  the  same  night, 
prove  tbat  the  angle  ZPS'  varies  as  the  time;  and,  there- 
fore, that  the  diurnal  motion  of  a  star  is  uniform. 

7.  In  the  preceding  article  the  distances  PZ  and  PS' 
are  supposed  to  be  known.  A  method  of  obtaining  them 
is  now  to  be  explained.  Let  F  and  G  be  the  situations 
of  the  star  on  the  meridian  above  and  below  the  pole. 
Then  we  have 

ZF  =  PZ  —  PF 
ZG  =  PZ  +  PG  =  PZ  +  PF 
therefore  ZG  —  ZF  =  2  PF,  or  PF  =  *  (ZG  — ZF) 
also  ZG  +  ZF  =  2  PZ,  or  PZ  =  }  (ZG  +  ZF) 

But  PF  is  the  same  as  PS  or  PS'.  It  therefore  follows 
that  if  the  zenith  distance  of  a  circumpolar  star  when  it  is 
on  the  meridian  above  the  pole,  be  obtained  from  its 
observed  altitude,  and  again  when  on  the  meridian  below 
the  pole,  the  half  difference  of  these  zenith  distances  will 
give  PS,  the  distance  of  the  star  from  the  pole,  and  the  half 
sum  will  give  PZ,  the  distance  of  the  pole  from  the  zenith. 

Now  it  is  obvious  that  the  same  value  for  PZ,  the  dis- 
tance of  the  pole  from  the  zenith,  should*  be  obtained, 
whatever  circumpolar  star  is  used  in  obtaining  it.  It  is, 
however,  found  that  if  the  distance  PZ  is  determined  from 
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observatiofis  on  one  star,  and  then  fr<nii  otMteryations  on 
another  star,  considerably  more  or  less  distant  (rom  tbe 
pole,  taking  all  the  altitudes  as  tbey  are  given  by  thft 
instrument,  the  results  do  wa  c^ee.  If  the  two  stars  are 
the  pole  star  and  another  whose  distance  from  the  pole  is 
not  less  than  30""  or  40"^,  and  which,  when  at  its  lowest 
point,  is  very  near  the  horizon,  the  difference  in  the  results 
will  amount  to  nearly  a  quarter  of  a  degree.  Consequently, 
if  our  conclusion,  that  the  stars  remain  at  the  same  dis- 
tances from  the  pole,  is  correct,  there  must  some  cause 
operate,  in  consequence  of  which,  the  altitudes  given  by 
the  instrument  are  not  the  true  altitudes.  Such  a  cause 
is  found  to  exist  in  the  action  of  the  earth's  atmosphere 
on  the  rays  of  light  from  the  stars  in  their  passage  through 
it  to  the  eye  of  the  observer.  The  effect  of  this  action  is 
called  A^h'Qnomical  Refraction^  or  simply  Refraction. 

OF  REFRACTIOir. 

8.  It  is  known  that  when  a  ray  of  light  passes  obliquely 
from  one  medium  to  another  of  different  density,  its  direc- 
tion is  changed. 

Let  FHGBy  Fig.  2,  be  a  vertical  section  of  a  vessel  wbose  sides  are 
opaque.  An  object  placed  on  the  bottom  at  E  could  not,  when  the  vessel 
is  empty,  be  seen  by  an  eye  placed  at  O.  Bat  if  the  vessel  be  filled  with 
water^  the  object  will  become  visible  in  the  direction  OB,  and  will  appear 
as  though  it  were  really  at  D.  A  ray  of  light,  therefore,  which  passes 
obliquely  from  water  to  air,  is  refracted  so  as  to  make  a  greater  angle  with 
the  perpendicular  to  the  common  surface,  than  if  it  passed  on,  without 
suffering  a  change  in  its  direction^  Again,  a  ray  of  light  passing  from 
an  object  at  O,  in  the  direction  OB,  will,  when  the  vessel  is  empty, 
meet  the  bottom  in  D.  But  if  the  vessel  be  filled  with  water,  the  ray  of 
light  will  be  refracted  on  entering  the  water,  and  will  take  the  direction 
BE,  so  that,  to  an  eye  at  £,  it  would  appear  to  come  from  the  point  A, 
and  therefore  the  object  would  appear  to  be  more  elevated  than  it  really 
is.  The  same  effects,  though  different  in  degree,  take  place  when  a  ray 
of  light  passes  from  air  into  a  vacuum,  or  the  contrary. 

9.  The  angle  contained  between  the  directions  of  the 
direct  and  refracted  rays,  is  called  the  At^h  of  Refraction^ 
or  simply  the  Refraction. 
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10.  It  is  fimnd  by  ezperimeDt,  that  for  the  aame  two 
mediums,  except  wh^  the  ray  of  light  passes  very  obliquely 
from  one  to  the  other,  the  sine  of  the  angle  contained  be- 
tween the  direct  ray  and  the  perpendicular  to  the  common 
surface,  is  eqoal  to  the  product  of  the  sine  of  the  angle 
contained  between  the  refracted  ray  and  the  same  per- 
pendicular, multiplied  by  some  constant  quantity. 

If  ZB  be  perpendicular  to  ibe  commoo  aurTaoe  FB,  of  the  two  nediuDM* 
and  OB  be  the  direct  ray,  AB  the  direction  of  the  refracted  ray,  and  m» 
some  constant  quantity,  we  have  m  sin  ZBA  «  sin  ZBO  s*  sin  (ZBA  + 
ABO.)  Tbe  value  of  m  is  constant  for  the  same  two  mediums,  but  is 
greater  or  less,  according  as  the  difference  of  density  of  the  mediums  u 
greater  or  less. 

1 1.  The  atmosphere  is  known  to  extend  to  the  height 
of  some  miles,  and  its  surface  is  supposed  to  be  nearly  con- 
centric with  the  surface  of  the  earth.  It  has  been  found 
by  experiments,  in  ascending  high  mountains,  that  its 
density  gradually  decreases  with  an  increase  of  distance 
from  the  general  surface  of  the  earth.  Hence  a  ray  of 
light  which  enters  it  obliquely,  passing  continually  from  a 
rarer  to  a  denser  medium,  has  its  direction  continually 
changed,  being  bent  more  and  more  downwards,  so  that 
its  path  will  be  a  curve,  concave  towards  the  earth.  This 
curve  coincides  with  a  vertical  plane,  because  as  the  density 
of  the  atmosphere,  on  each  side  of  such  plane,  is  the  same, 
there  is  no  cause  for  its  deviating  either  way.  Refraction^ 
therefore^  makes  the  apparent  altitude  of  a  star  greater  than  the 
true  ;  but  it  does  not  change  its  azimuth. 

The  curvilinear  path  of  a  ray  of  light,  passing  through 
the  atmosphere,  differs  but  little  from  a  right  line,  except 
near  the  horizon,  where,  on  account  of  its  greater  obliquity, 
its  direction  undergoes  a  greater  change. 

12.  The  refraction,  except  near  the  horizon,  varies, 
nearly  as  the  tangent  of  the  apparent  zenith  distance. 

Let  N  represent  tbe  apparent  zenith  distance  of  a  star,  and  r,  the  cor- 
iresponding  refraction.  Then  N  +  r  »  the  true  zenith  distance ;  and, 
therefore,  (10.) 
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m  flin  N  B  sin  (N  +  r)  »  sin  N  cos  r  +  cos  N  sm  r  (App**  13.)  or  m 

,      <^OS  N      .  .  ^    XT      • 

«a  COS  r  +  -. rr  Sin  T  =  COS  f  +  cot  N  Sin  r, 

sin  N 
But  as  r  is  small,  cos  r  =  1,  and  sin  r  sssVf  nearly.     Therefore 

«=  1  +  root  N,orr=s rr  — (w — l)tan  N. 

cot  N      ^  ' 

13.  It  is  evident  that  the  refraction  cannot  vary  accu- 
rately as  the  tangent  of  the  apparent  zenith  distance, 
because  in  that  case,  when  the  zenith  distance  is  90°,  it 
would  be  infinite.  And  in  all  cases,  when  the  altitude  is 
small,  and  consequently  when  the  rays  of  light  enter  the 
atmosphere  very  obliquely,  it  would  be  too  great. 

Dr.  Bradley  found  that  the  refraction  is  more  nearly 
equal  to  the  product  of  the  tangent  of  the  difference 
between  the  apparent  zenith  distance  and  three  times  the 
refraction,  multiplied  by  a  constant  quantity. 

His  formult  is,  r=57"  tan  (N  —  3r)  ;  in  which  67"  is  the  refraction  at 
45°  apparent  zenith  distance. 

14.  From  the  observed  altitudes  or  zenith  distances  of 
two  circumpolar  stars,  when  on  the  meridian,  both  above 
and  below  the  pole,  the  true  distance  of  the  pole  from  the 
zenith,  the  refraction  for  each  meridian  altitude  of  the 
stars,  and  the  true  polar  distances  of  the  stars,  may  be 
obtained. 

In  Fig.  1.  let  P  he  the  true  place  of  the  pole,  G  and  F  the  true  situa- 
tions of  a  star  on  the  meridian,  below  and  above  the  pole,  and  L  and  K 
those  of  another  star.  Also  let  N  and  n  represent  the  apparent  zenith 
distances  of  the  star  at  Gand  F,  R  and  r  the  corresponding  refractions, 
N'  and  n'  the  apparent  zenith  distances  of  the  other  star  at  L  and  K,  and 
R'  and  r'  the  corresponding  refractions.     Then, 

ZG  =  N+R,  ZF  =  n+r,  ZL  «  N'+R',  and  ZK  «  n!+r' ; 
therefore  (7),  PZ  «  i  (N+R+»+r)  -  i  (N' +«'+»' -f-r',) 

and,  N+R-f  «+r  «  N'+R' +n'+r', 

or,  R+r_R'— r'  »  N'+n'— N— n. 

Now  supposing  the  refraction  to  vary  as  the  tangent  of  the  apparent 
zenith  distance,  (12.)  we  have, 

*  Appendix  at  the  end  of  part  1st. 
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n  —  I  == r=  = =3  - — rr,= r ;  wbeiice, 

tao  N     Unn     taoN      tann 

Rtann   -.,         R  tan  N'       ,    ,       R  tan  n'     .       ^ 

r*-i  R   «■  — : — ?r-  and  r  «■ ;rr- ;  therefore, 

tan  N  tan  N  tan  N 


R  tan  n     R  tan  N'      R  tan  n' 
'  tan  N 
(Ny-n'— N-~«)  tan  N 


tan  N  tan  N  tan  N 


From    which   we   obtain  R 


Un  N+tan  n — ^tan  N' — tan  n' 
Whence  r,   R'   and  r'   become  known,   and   consequently   PZ  mb  ^ 
(N-fn+R+r);  also  the  polar  distance  PF  =  ZP  —  ZF  =.  ZP  — 
{n-\-r),  and  PK  =  ZP—  ZK  «=  ZP  — (n'  +  r'). 

This  method  of  finding  the  refraction  is  by  Boscovich.  When  neither 
of  the  zenith  distances  exceeds  70^  or  75^,  the  results  obtained  by  this 
netbod  may  be  regarded  as  very  nearly  accurate. 

]  5.  When  the  true  distance  of  the  polo  from  the  zenith, 
and  the  apparent  zenith  distance  and  corresponding  refrac- 
tion, of  one  star  on  the  meridian  are  known,  the  true  polar 
distance  of  any  other  star  may  be  determined  from  its 
observed  meridian  altitude. 

If  M  be  the  true  situation  of  the  star  on  the  meridian,  and  we  put  ti" 

for  the  observed  apparent  zenith  distance,  and  r"  for  tbo  corresponding 

refraction^  we  ha?e, 

tan  n     tan  n"        ,,      r  tan  n" 

=  — ~  orr    Bs ; 

r  r  tan »     ' 

coaaeqoeotly  PM  »  ZM  —  PZ  b  n"+r"  — PZ,  becomes  known. 

16.  The  true  zenith  distance  of  the  pole  and  polar  dis- 
tance of  a  star  being  known,  the  refraction  may  be  found 
for  any  observed  altitude,  by  knowing  also  the  interval 
between  the  times  of  observation  and  of  the  star's  passage 
over  the  paeridian. 

Let  8"  be  the  place  of  the  star.  Then  in  the  triangle  ZPS",  the  sides 
ZP  and  PS"  are  given«  and  also  from  the  observed  interval  of  time,  the 
angle  ZPS".  Consequently  the  side  ZS"  may  be  calculated.  The 
difiTerence  between  ZS''  thus  obtained,  and  the  observed  zenith  distance, 
is  the  corresponding  refraction.  In  this  way  the  refraction  may  be  found 
for  different  apparent  altitudes,  from  the  horizon  to  the  zenith. 

17.  The  refraction  at  a  given  altitude  is  subject  to  some 
change  depending  on  the  variation  in  the  state  of  the  air 
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as  indicated  by  the  barometer  and  thermometer.  The 
refractions  which  have  place  when  the  barometer  stands 
at  29.6  inches  and  the  thermometer  at  50°  are  called  mean 
refractions.  Table  II.  contains  the  mean  refractions  for 
different  altitudes  from  the  horizon  to  the  zenith.  Above 
the  altitude  of  15  or  20"",  these  are  at  all  times  sufficiently 
accurate,  except  in  cases  when  great  precision  is  required. 
Formulae  have  been  investigated  for  obtaining  the 
refraction  with  reference  to  the  state  of  the  barometer  and 
thermometer;  but  these  investigations  do  not  belong  to 
an  elementary  treatise. 

18.  As  refraction  always  increases  the  altitude  of  a 
heavenly  body,  it  follows  that  the  refraction  corresponding 
to  any  observed  altitude  must  be  subtracted  from  that  alti- 
tude in  order  to  obtain  the  true  altitude  of  the  body  above 
the  sensible  horizon. 

OTHER  EPFECTd  OF  REFRACTION. 

19.  As  refraction  elevates  the  heavenly  bodies  in  ver- 
tical circles,  and  as  these  circles  continually  approach 
each  other  from  the  horizon  till  they  meet  in  the  zenith,  it 
is  evident  that  the  apparent  distance  of  any  two  of  those 
bodies  must  be  less  than  the  true  distance.  / 

20.  The  refraction  increases  with  an  increase  of  zenith 
distance.  The  lower  part  of  the  sun  or  moon  is  therefore 
more  refracted  than  the  upper  part,  so  that  the  vertical 
diameter  is  shortened  and  the  body  appears  of  an  ellipti- 
cal form.  This  effect  is  most  observable  near  the  horizon, 
where  on  account  of  the  more  rapid  increase  of  the  refrac- 
tion, the  difference  between  the  vertical  and  horizontal 
diameters  may  amount  to  i  part  of  the  whole  diameter. 
The  horizontal  diameter  also  suffers  a  slight  diminu- 
tion. (19) 

21.  At  the  true  horizon  the  refraction  is  about  28'^. 
Hence  it  follows  that  when  any  of  the  heavenly  bodies  are 
really  in  the  horizon,  they  appear  to  be  28'i  above  it,  and 
that  therefore  refraction  retards  their  settings  and  accelerates 
their  rising* 
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22.  When  the  sun  descends  below  the  horizon  of  any 
l&ce,  its  rays  continue  for  some  time  to  reach  the  upper 
parts  of  the  atmosphere,  and  are  refracted  and  reflected 
so  as  to  occasion  considerable  light,  which  gradually 
diminishes  as  the  sun  descends  farther  below  the  horizon, 
and  prevents  an  immediate  transition  from  the  light  of  day 
to  the  darkness  of  night  The  same  effect,  though  in  a 
rererse  order,  takes  place  in  the  morning  previous  to  the 
sod's  rising.  The  light  thus  produced  is  called  the  Cre- 
puscubim  or  twilight . 


CHAPTER  IV. 

LATITUDE  OF  A  PLACE. FIGURE  AND  EXTENT  OP  THE  EARTH. 

LONGITUDE. 

1.  Let  HZRN,  Fig.  9,  represent  the  meridian,  Pp  the 
axis  of  the  heavens,  Z  the  zenith,  HOR  the  horizon,  and 
EOQ  the  equator,  the  latter  two  seen  edgewise.  Then 
ZQ  is  the  latitude  of  the  place  (2.9).  But  Z(i=PQ— PZ 
=ZH — PZ=PH;  therefore  the  latitude  of  a  place  is  equal 
to  the  altitude  of  the  pole  at  that  place.  A  method  of  obtain- 
ing the  zenith  distance  of  the  pole,  and  consequently  its 
altitude,  has  been  shown  (3.  14). 

2.  Because  ZR=90%  RQ=90''— ZQ;  therefore  the 
altitude  of  the  point  of  the  equator  which  is  on  the  meri- 
dian,  at  any  time,  is  equal  to  the  complement  of  the  lati- 
tude of  the  place. 

FIGURE  AND  EXTENT  OF  THE  EARTH. 

3.  By  the  figure  of  the  earth  is  meant  the  general  form 
of  Its  surface,  supposing  it  to  be  smooth,  or  that  the  surface 
of  the  land  corresponded  with  the  surface  of  the  ocean. 
This  excludes  the  consideration  of  the  irregularities  in  its 
surface  occasioned  by  mountains  and  valleys,  which  indeed 
are  very  minute  when  compared  with  the  whole  extent  of 
the  earth. 

4 
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4.  Experiment  proves  that  the  directioa  of  gravity,  at 
any  place  on  the  earth,  is  perpendicular  to  the  free  sw* 
face  of  still  water :  hence  it  is  perpendicular  to  the  geae^ 
ral  surface  of  the  earth  at  that  place. 

5.  Let  EPQ  pj  Fig.  3,  be  a  meridian  of  the  earth,  Pp 
the  axis,  EQ  a  diameter  of  the  equator,  and  A  and  B  two 
places  on  the  meridian.  If  the  earth  be  a  sphere,  tfat 
direction  of  gravity  at  each  of  the  places  will  passthrougk 
the  centre  of  the  earth,  and  therefore  the  angle  EGA  wiH 
be  the  latitude  of  A,  and  ECB  the  latitude  of  B  (2.9). 
Hence  if  the  latitudes  of  A  and  B  be  determined  (1),  the 
angle  ACB  =  ECB  —  ECA,  becomes  known.  The  dis- 
tance AB  may  be  obtained  by  actual  measurement  Then 
as  the  angle  ACB  :  360'' : :  distance  AB  :  to  the  circum- 
ference of  the  earth.  Also,  as  the  angle  ACB  :  1° : :  dis- 
tance AB  :  the  length  of  a  degree  of  latitude. 

6.  If  the  earth  was  a  sphere,  the  length  of  a  degree  of 
latitude  would  be  the  same  in  every  part  of  the  meridian. 
But  this  is  not  the  case.  A  number  of  arcs  of  the  meri- 
dian have  been  measured  in  different  parts  of  the  earth. 
The  mean  lengths  of  a  degree  of  latitude,  as  determined 
from  several  of  these  arcs,  regarded  as  having  been  mea- 
sured with  great  care,  are  given  in  the  following  table. 
They  are  expressed  in  miles  and  yards. 


■ 

LaUtude  of 

Mean 

Country. 

middle  of  the 

length  of  a 
degrree. 

Observers. 

arc. 

0           /           // 

0            /           II 

miles  yds. 

^ 

Peru 

3       7       3 

1     31       0 

68     1266 

Condamine^  d^c. 

India 

16     57     40 

16       8     22 

68     1335 

Lambton,  Everest. 

France 

12     22     13 

44     51       2 

69         72 

Delambre,  Mechaio. 

England 

3    57     13 

62    35    46 

69       217 

Roy,  Kater. 

Sweden 

1     37     19 

66     2e     10 

69       487 

Svanberg. 

It  is  obvious  from  inspection  of  the  table  that  the  mea* 
sured  length  of  a  degree  of  latitude  increases  with  ftB 
increase  of  the  latitude.  Consequently  the  meridian  can- 
not be  a  circle.  The  next  probable  supposition  is  that  it 
is  an  ellipse. 

7.  Let  us  suppose  that  the  ellipse  EPQ;?,  Fig.  4.  repre- 
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Its  a  meridian,  aod  that  the  minor  axis  Pp  is  the  axis  of 
tiie  earth,  and  the  major  axis  EQ,  a  diameter  of  the  equa- 
tor. Abo  let  AD  be  perpendicular  to  the  curve  at  some 
point  A,  and  let  the  situation  of  the  point  B  be  such,  that 
BF,  perpendicular  to  the  curve  at  B,  may  make  the  angle 
BFP  =  EDA.  Then  the  angle  EDA  is  the  difference  of 
latitade  between  the  places  E  and  A,  and  the  angle  BFP 
is  the  di&rence  of  latitude  between  the  places  B  and  P. 
Now  it  is  evident,  from  inspection  of  the  figure  or  from  the 
cmisideration  of  the  decrease  of  curvature  from  E  to  P, 
that  the  distance  BP,  corresponding  to  a  given  difference 
of  latitude  near  the  pole,  is  greater  than  the  distance  EA, 
ec^responding  to  the  same  difference  of  latitude,  near  the 
equator.  It  is  also  obvious  that  any  arc  between  A  and 
B,  corresponding  to  the  same  difference  of  latitude  as  that 
to  which  EA  and  BP  correspond,  will  be  greater  than  the 
former  and  less  than  the  latter.  Thus  it  appears  that  in 
an  elliptical  meridian  such  as  we  have  supposed,  the 
length  of  a  degree  of  latitude  will  be  greater  as  the  lati- 
tude is  greater. 

8.  From  the  most  accurately  measured  arcs  of  the 
meridian  in  various  places,  it  has  been  proved  by  means 
of  analytical  investigations,  not  adapted  to  the  present 
work,  that  a  meridian  is  an  ellipse^  or  very  nearly  so;  and 
that  the  earth  is  an  oblate  spheroid^  having  the  polar  radius 
less  than  the  equatorial  radius,  by  about  ^  part  of  the 
equatorial  radius. 

According  to  this  determination,  the  equatorial  diameter 
of  the  earth  is  7925  miles,  and  the  polar  diameter  is  7899 
jailes.  Consequently  the  mean  diameter  is  7912  miles; 
and  the  difference  of  the  diameters  is  26  miles. 

The  mean  length  of  a  degree  of  the  earth's  circumfer- 
ence is  about  69iV  miles.  Hence  it  follows  that  in  going 
north  or  south  about  100  feet,  we  make  a  change  in  our 
latitude  of  one  second. 

9,  It  is  frequently  convenient  to  consider  the  equatorial 
radius  of  the  earth  a  unit  or  1,  and  to  express  other 
lengths  and  distances  in  terms  of  this  unit.    Consequently 
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when  this  is  done,  taking  the  difference  of  the  radii  as 
stated  above,  the  polar  radius  will  be  iU.  The  difference 
between  the  equatorial  and  polar  radii,  thus  expressed,  is 
called  the  EUipiicity  or  Oblateness  of  the  earth.  It  is  also 
sometimes  called  the  Compresssion  of  the  earth.  Hence 
the  elliptioito  or  compression  is  -^hs*^ 

10.  The  Eccentricily  of  the  earth  is  the  distance  between 
a  focus  of  any  of  the  elliptical  meridians  and  the  centre. 

It  is  equal  to  -^^^=0.08158. 
^  300 

For  putting  e  ss  the  ecceDtricity,  and  considering,  Fig.  4,  EGa  1,  we 
have  (conic  sections), 

1— €««CP«=— 

300« 
Whence  6  =  -^. 

11.  The  Geocentric  Zenith  of  a  place  is  the  point  in 
which  a  straight  line  from  the  earth's  centre,  through  the 
place,  meets  the  celestial  sphere.  And  the  Geocentric  Lati- 
tude^ or  Reduced  Latitude  of  a  place,  is  the  arc  of  the  meri- 
dian intercepted  between  the  equator  and  the  geocentric 
zenith  of  the  place.  The  difference  between  the  geogra- 
phic and  geocentric  latitudes  of  a  place  is  called  the 
Reduction  of  Latitude. 

12.  The  equatorial  radius  being  expressed  by  a  unit, 
the  tangent  of  the  geocentric  latitude  of  a  place  is  equal  to  the 
product  of  the  squure  of  the  polar  radius  by  the  tangent  of  the 
geographic  latitude. 

Let  EPQp,  Fig.  5,  be  the  elliptical  meridian  passing  through  any  place^ 
EQ  the  equatorial  diameter  of  the  earth,  Pp  the  polar  diameter,  and  C 
the  centre ;  also  let  AD  be  perpendicular  to  the  meridian  at  A,  and  AG 
perpendicular  to  EQ.  Put  f  =  angle  EDA  =  geographic  latitude  of  A^ 
and  f'  Bs  angle  EGA  « the  geocentric  latitude.     Then, 

*  This  value  of  the  ellipticitj  ie  considered  as  being  very  nearly  accurate.  Dr. 
Bowditch,  in  his  excellent  Translation  of  Laplace's  Mecanique  CHeoU,  vnth  a  eommen- 
(ory,  obtains,  from  a  combination  of  several  of  the  most  accurately  measured  arcs  of 
the  meridian,  a  rssnlt  a  little  less ;  and  from  ezpeiiments  which  have  been  made  on  the 
oscillations  of  a  pendulum  in  differont  latitudes,  a  result  a  little  greaur.  He  adopts 
^^  as  being  very  near  to  the  true  value. 
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*sCGtanf';  hence, 
But  (conic  seclions), 

Tberefbre, 


29 


4^=  PC»,  or  tan  «'«?€»  tan  ^.  . 
tan  ^  ^  ^    t- 


But,(10),  PC«« 
Hence»    tan  f'e(1- 


i')tan  f 


(A) 


13.  The  values  of  CG  and  AG,  the  rectangular  coordinates  of  a  place 
A  on  the  earth's  surface,  referred  to  the  axes  of  its  elliptical  meridian,  and 
AC,  its  distance  from  the  centre  are  sometimes  required*  Put  ^  ■■  AC. 
Then  CG  ^  ^  cos  f\  and  AG  aa  ^  sin  ^'.  *  Expressions  for  ^  cos  f',  ^  sin 
f  %  mod  ^  in  terms  of  the  geographic  latitude  and  earth's  eccentricity,  maj 
be  found  as  follows : 

Let  the  semicircle  EBQ  be  described  on  EQ,  and  GA  be  produced  to 
meet  it  in  B.  Then  since,  by  conic  sections,  CP  :  EC  : :  GA  :  GB,  we 
hsTe, 

But  BG«+CG»«BC«=1. 
Hence,  ^*  sin*  ^'.  f^^+e'  ^®*"  f'«"l» 


1- 


or,  ■ 


1 


-ton«f'+l=— 


1 


1— «•         ^  '        ^«cos*^' 
But  (12.  A),  tan*  f'a>(i— e«}«  Un"  p. 


1 


Consequently,   (1 — «•)  tan*f+l— ; j— 7. 


sin*  f— e*  sin*  ^+C08*  ^k 


1 — 6*  sin*  fa 


cos*y 


^»  cos*  f ' 


^»  cos*  f ' 

.«.  #  cos  e 

Whence,  ^  cos  p=-jr- ^ 

v(' 


[1— €*8in*f) 

Again,  (A pp.  12)  ^  sin  f'=«^  cos  f'  tanf'=f  cos^  tan  ^  (1 — «■) 

(1 — e*)  tan  y  cos  ^ 

**     ^{\ — e»sin*f) 

.      ,      (1— €*)8inf 
or,  e  Bin  e  ^-^. — \  -  a   \ 
^       ^     v^(l — c«sm*f) 

Adding  together  the  squares  of  the  equations  (A)  and  (B)  we  have, 

_  (1— ^)*sin*y+cos*»     sin*  f — 2  c»  sin*  y + e*  sin*  f + cos*  p 

^^  1 — c*  sin*  p        *"  1 — e*  sin*  p 


(A) 


(B) 
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_  1 — 2  c*  8in»  y+g*  gin*  p 
""  1 — c«  sin»^ 


<>^«->^        l-,4'^  -        -        -        (C) 


LONGITUDE. 

14.  We  have  shown  (1)  how  to  obtain  the  latitude  of  a 
place.  But  it  is  evident  that  the  latitude  is  not  of  itself 
sufficient  to  designate  the  situation  of  a  place,  because  all 
the  points  in  a  circle  on  the  earth's  surface,  parallel  to  the 
equator,  have  the  sanne  latitude.  Something  more  then 
is  necessary  to  designate,  with  precision,  the  situations  of 
places.  As  the  meridians  cut  the  equator  at  right  angles, 
they  are  conveniently  made  use  of  for  this  purpose. 

15.  A  meridian  which  passes  through  some  particular 
place  is  called  the  First  Meridian.  The  angle  contained 
between  the  first  meridian  and  a  meridian  through  any 
place,  is  called  the  Longitude  of  that  place.  Longitude  is 
measured  by  the  arc  of  the  equator,  intercepted  between 
the  first  meridian  and  the  meridian  passing  through  the 
place,  and  is  called  east  or  west  according  as  the  latter 
meridian  is  to  the  east  or  west  of  the  first  meridian. 

16.  Different  nations  have  adopted  different  first  meri* 
dians.  The  English  reckon  longitude  from  the  meridian 
which  passes  through  their  observatory,  at  Greenwich, 
near  London ;  and  the  French  from  the  meridian  of  their 
observatory  at  Paris.  As  there  is  no  public  observatory 
in  the  United  States,  there  is  not  a  uniformity  with  respect 
to  a  first  meridian.  Some  reckon  the  longitude  from  the 
meridian  of  Washington^  some  from  that  of  Pkilade^hiaj 
and  others  from  the  meridians  of  other  principal  cities. 
But  for  astronomical  purposes  we  usually  reckon  our 
longitude  from  the  meridian  of  Greenwich. 

17.  Since  the  diurnal  motion^of  the  stars  is  from  east  to 
west  (1.5),  any  particular  star  must  come  to  a  given  first 
meridian,  sooner  than  to  the  meridian  of  a  place  which 
has  west  longitude,  and  later  than  to  the  meridian  of  a 
place  which  has  east  longitude  (15) ;  and  the  difference  of 
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tknes  will  be  found  by  aUowiag  one  sMoreal  hour  for  each 
W^  of  hMghude,  and  in  the  same  proportion  for  odd 
degrees,  mmotes,  and  seconds,  (3.5).  It  follows,  there* 
fore,  that  if  the  time  at  which  some  star  passes  the  first 
meridian,  be  observed  by  an  accurate  chronometer,  regu- 
lated to  keep  sidereal  time;  and  if  the  chronometer  be  then 
takeB  to  a  place  to  the  east  or  west  of  the  first  meridiaita, 
and  the  time,  at  which  the  same  star  passes  the  meridian 
of  that  place,  be  observed  by  it,  the  diffisrence  of  times^ 
eonveirted  into  degrees^  l^  allowing  15"^  to  the  hour,  will 
express  the  longitude  of  the  place. 

There  are  various  other  methods  of  determining  the 
k»igitudes  of  places,  some  of  which  will  be  noticed  in  suc- 
ceeding parts  of  the  work. 

Table  I.  contains  the  latitudes  of  some  principal  cities, 
with  their  longitudes  from  the  meridian  of  Greenwich, 
eoqiressed  both  in  degrees  and  in  time. 


CHAPTER  V. 

ON  PARALLAX. 

1«  The  directions  in  which  a  body  is  seen  at  the  same 
instant,  from  difierent  places  on  the  earth^s  surface,  must 
in  reality  be  difierent;  but  the  distances  of  the  fixed  stars 
are  so  immensely  great,  (1.12),  that  for  any  one  of  them 
the  difierence  is  perfectly  insensible.  This  is  not  the  case 
with  the  sun,  moon,  and  planets.  They  are  sufiSiciently 
near  to  the  earth  to  have  the  directions  in  which  they  are 
seen,  sensibly  influenced  by  the  situation  of  the  observer. 
Astronomers,  therefore,  in  order  to  render  their  observa- 
tions easily  comparable,  and  for  convenimice  in  calcula- 
tion, reduce  the  situation  of  a  body  as  observed  at  any 
place  on  the  earth's  surface,  to  the  situation  in  which  it 
would  appear  fi*om  the  centre. 

The  observed  situation  of  the  body  is  called  its  Appa- 
rent place,  and  the  situation  in  which  it  would  appear  from 
the  earth's  centre  is  called  its  True  place. 
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2.  The  angle  contaiaed  between  two  right  lines,  een- 
ceived  to  be  drawn  from  a  body,  one  to  the  centre  of  the 
earth  and  the  other  to  the  place  of  the  observer,  is  called 
the  Parallax^  or  the  Parattax  in  JlUitude^  of  the  body. 

3.  Let  ADE,  Fig.  6,  represent  the  earth,  considered  as  a 
sphere,  G  its  centre,  A  a  place  on  its  surface,  Z  the  zenith 
of  the  place  A,  and  B  the  situation  of  a  body ;  then  will 
ZAB  be  the  apparent  zenith  distance  of  the  body,  ZCBits 
true  zenith  distance,  and  ABC  its  parallax  in  altitude. . 

The  parallax  ABC  =  ZAB— ZCB  =  apparent  zenith 
distance  —  true  zenith  distance  =  OO""  —  apparent  alti* 
tude  —  (90"*  —  true  altitude)  =  true  altitude  —  apparent 
altitude. 

4.  The  parallax  in  altitude  of  a  body,  when  its  apparent 
zenith  distance  is  90%  is  called  the  HorizofOal  Parallax. 

5.  Supposing  a  body  to  continue  at  the  same  distance 
from  the  earth,  the  sine  of  the  parallax  in  altitude  is  equal 
to  the  product  of  the  sine  of  the  horizontal  parallax,  multi-* 
plied  by  the  sine  of  the  apparent  zenith  distance. 

Put  R=:  ACaMineaD  radius  of  the  earth, 

DaCBasdistance  of  the  body  from  the  earth's  centre, 

NsaZCBatrue  zenith  distance, 

p  ssABCssparallax  in  altitude, 
aRd  w  ssthe  horizontal  parallax  ; 
then  N+psaZAB^apparent  zenith  distance, 

And  sin  P=^gp  s^n  CAB  =  rr^^  sin  ZAB  =  yj  8'°  (N+PO 

But  when  N+jp=90°,  p  becomes  «, 

Hence  sin  «  »  =r  sin  90°  «  --. 

Consequently  sin  jp  »  sin  «  sin  (N+p*) 

6.  The  distance  of  a  body  from  the  centre  of  the  earth 
is  equal  to  the  radius  of  the  earth,  divided  by  the  sine  of 
the  horizontal  parallax. 

Since  sin  «  xs  ~  (5), 

We  have  D=. -3-. 
sin  4r 


Digitized  by  V3OOQIC 


S8 

Hence,  as  the  radius  c^  the  earth  has  been  determined 
(4.8),  when  the  horizontal  parallax  of  a  body  is  known,  its 
distance  from  the  centre  of  the  earth  is  easily  found. 

7.  The  distances  of  the  heavenly  bodies  are  so  great 
that  /?,  the  parallax  in  altitude,  and  «r,  the  horizontal 
parallax,  are  always  ?ery  small  angles ;  even  for  the  moon 
which  is  much  the  nearest,  the  value  of  *  is  always  less 
than  62'.  We  may  therefore,  without  material  error,  use 
p  and  9  themselves,  instead  of  their  sines.  If  this  be  done, 
the  last  formula,  in  the  two  preceding  articles,  become, 

p  «  «r  sin  (N+p,) 

8.  In  the  fraction  4  of  the  last  formula,  1  represents  the 
radius  and  ^  the  measure  of  the  horizontal  parallax. 
Hence,  in  order  to  render  the  numerator  and  denominator 
of  the  fraction  homogeneous,  if  v  bo  expressed  in  seconds, 
we  must  also  express  the  radius  in  seconds. 

Since  6.2831853  is  the  length  of  the  circumference  when 
the  radius  is  1,  and  1296000  is  the  number  of  seconds  in 
the  circumference;  We  have  6.2831853  :  I  ::  1296000'' 
:  206264".8=the  length  of  the  radius  expressed  in  seconds. 

Hence  if  the  value  of « is  expressed  in  seconds, 

-.       -,  206264".8 

w 

9.  If  the  meridian  zenith  distances  of  a  body  be  observed 
on  the  same  day,  by  two  observers,  remote  from  each 
other  on  the  same  meridian,  and  at  places  whose  latitudes 
are  known,  its  horizontal  parallax  may,  from  thence,  be 
determined. 

Let  AEA'Q,  Fig.  7,  represent  a  meridian  of  the  eartb,  considered  as 
a  sphere,  C  its  centre,  £Q  a  diameter  of  the  equator,  A  and  A'  the  situa* 
lions  of  two  observers,  Z  and  Z'  their  zeniths,  and  B  the  situation  of*  a 
body  on  the  meridian. 

Put  L  a>  ECZ  a  latitude  of  the  place  A, 
L' « ECZ'  =  do.  A', 

5 
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d  ■■  Z AB  «B  apptrent  senitb  distuioe  at  Af 
aodd'«Z'A'B»  do  A\ 

Tbeo, 

ACA' «  ECZ  +  ECZ'  =  L  +  L', 

BAC  «  18(J°  —  Z AB  =  1 80°  —  d, 

BAG  —  180°  —  Z' A'B  =  1 80°  —  d', 

and  ABA'  =  360°— (ACA'  +  BAC  +  BAC) « d  +  d'  —  (L  +  L> 

Bat  (7)  ABC  ==  «r  rnn  d,  ABC  «  «  sin  d\ 

and  ABA'  »  ABC  +  A'BC  »  v  sin  d  +  ^v  sin  d'. 

„  ABA'  d  +  d— (L+L') 

Hence  m  —       .  ,    .     ««* .     ,  ,    .     .,    ^ 

'    sin  d  +  sin  a  sin  d  +  sin  d 

10.  If  the  meridian  zenith  distances  of  a  fixed  star, 
which  passes  the  meridian  at  the  same  time  with  the 
body,  be  observed,  as  well  as  those  of  the  body,  the  hori*- 
zontal  parallax  may  be  obtained,  independent  of  the  lati- 
tudes of  the  places. 

For  if  S  be  the  situation  of  the  star  when  on  the  meridian,  we  the» 
know, 
BAS  =  ZAS  —  ZAB,  and  BA'S  -  Z'A'B—  Z'A'S. 
But  ABA'  +  BAS  =  BLS  «  ASA'  +  BA'S, 
or  ABA'  «  B AS  —  BAS  +  ASA'. 
Or  since  the  angle  ASA'  is  inseDsible  (1),  we  haTe> 
ABA' «  BAS  — BAS, 
BA'S  — BAS 


and 


sind  4-  sind'* 


11.  It  is  not  necessary  that  the  two  observers  should  be 
on  precisely  the  same  meridian ;  for  if  the  meridian  zenith 
distances  of  the  body  be  observed  on  several  successive 
days,  its  change  of  meridian  zenith  distance  in  a  given 
time  will  become  known.  Then  if  the  difference  of  the 
longitudes  of  the  places  is  known  (4.17),  the  zenith  dis* 
tance  of  the  body  as  observed  on  one  of  the  meridians, 
may  be  reduced  to  what  it  would  be,  if  the  observation 
had  been  made,  in  the  same  latitude  on  the  other  meridian. 

In  the  year  1751,  Wargentin,  at  Stockholm,  and 
Lacaille,  at  the  Cape  of  Good  Hope,  made  the  requisite 
observations  on  the  planet  Mars,  and  determined  its 
parallax  at  the  time  of  observation  to  be  24".64.  Hence, 
(8), 
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The  distance  of  Mars  from  the  earth^s  centre  was, 
therefore,  at  the  time  of  observation,  ^371  times  the  mean 
radius  of  the  earth. 

12.  For  the  moon,  whose  parallax  is  mach  greater  than 
that  of  any  other  of  the  heavenly  bodies,  it  is  necessary  to 
take  into  view  the  spheroidal  figure  of  the  earth. 

Let  the  ellipse  PEpQ,  Fig,  8,  represent  a  meridian  of  the  earth,  C  its 
centre*  £Q  a  diameter  of  the  equator,  Z  and  27  the  true  zenitha  of  the 
plaeee  A  and  A\  and  t  and  /,  their  geocentric  eenitha.  Then  sAZ 
=  CAds  EdZ — E€z  »  difference  between  the  geographic  and  gec^ 
centric  latitodea  of  the  place  A.  In  like  manner  z'A*Z'  mm  differeoce  of 
the  geographic  and  geocentric  latitudea  o(  the  pkce  A'.  The  angles 
zAZ  and  z'A*2f  being  known  for  the  two  places  A  and  A'»  and  the 
angles  ZAB  and  Z'A'B,  being  determined  from  observation,  the  angle 
fAB  »  ZAB  —  xAZ,  and  z'A'B  »  Z'A'B  —  a^A'Z',  become  known  ; 
and  theoce  (W)  ABA'  is  also  known. 

Now  if «  and  «  be  the  horizontal  parallaxes  of  the  moon  at  A  and  A', 
and  K  and  R'  stand  for  the  radii  CA  and  CA',  we  have  (7), 

— —  D^—t;  whence  «' i»  t^- «. 

Let  d  and  d  stand  for  the  redaced  zenith  distances  sAB  and  ji^AH  ; 

then  (7), 

R' 
ABC  -B^sin  df  A'BC  »  v'  sin d"  —  ^  «r  sin  d", 

and  ABA'  -  ABC  +  A'BC  —  «sin  d  +  ^  ^rsiniT, 

or  R  «r  sin  d  +  R'  «  siniT  =  R  x  ABA'. 
R  X  ABA 


Hence  «r  a 


Rsind  +  RiincT* 


13*  The  horizontal  parallax  of  the  moon,  to  an  observer 
at  the  equator,  is  called  the  Equatorial  Parallax. 

If  v''  «  the  equatorial  parallax,  and  R''  »  GE  «  the  radius  of  the 
equator,  tben» 

„^R^  R^^  X  ABA^ 

^         R  •■■RBind+  R'sind'* 

14.  From  observations  made  in  thd  year  1751,  l^  La^ 
caille,  at  the  Cape,  and  Lalande  at  Berlin,  and  from  other 
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methods,  which  have  been  used  for  the  same  purpose,  the 
moon's  equatorial  parallax  is  found  to  vary  from  53'  52" 
to  61'  32".    Hence, 

D  =!  R"  —  ,/  =  R"  X  64,  nearly  «  its  greatest  distance,  and 
D  «  R".  ^^3^^^^^/^*^  R"  X  66,  nearly  »  its  least  diataace. 

Consequently  the  moon's  mean  distance  is  about  60 
times  the  equatorial  radius  of  the  earth. 

15.  The  mean  equatorial  parallax  of  the  moon  is  ^ 
(53'  52"+6r  32")=57'  42^  But  the  parallax  at  the  mean 
distance  is  only  57'  22". 

Let  D»  D',  and  jy\  be  the  least,  greatest,  and  mean  distances  of  the 
moon  from  the  earth,  and  «,  m\  m\  the  corresponding  parallaxes. 
Then  (4), 

D  =  -^,  D'  -  -^,  and  D*  =  -^L-, 
siDv  BiD^r  .    ma  « 


^  ^         \8in  w       Bin  mf 

But  D"  «  i  (D  +  D). 

Hence  -^ ;;  =  i  {  .       +  A 

sin  «''  \sin  w       sin  4r  / 


2  sin  <y  +  sin  cr^       2|sin  j  («r  +  «r')  cos  j  (<y  —  qrp  ,  V 

— «B  — -^ : -—  as  : ^^ — — — — —  (Ap.  *U.) 

sm  «r  sin  «r  sin «  sin  fr  sin  «r'  ^ 

„  sin  V  sin «'  , . . 

sm  «r'  —    .      ,    . ; t; 5-7 Tn  -  -  -  -  (A) 

sin  i  (v  +  <y  )  cos  i  {v  —  «r ) 
As  the  arcs  are  small,  we  may,  without  material  error,  consider  eos 
i  (or  —  v)  =  1,  and  for  the  other  terms  take  the  area  instead  of  their 
sines.    We  shall  then  have, 

•     —    1/        , ?x   = J-—, W 

i{€f+  9)         W  +  «r 

From  either  of  tho  expressions,  A  and  B,  the  value  of  w*  is  found  equal 
67'  22". 

16.  The  8un^6  distance  is  so  gretft,  that  its  parallax  can- 
not be  determined  with  precision  by  the  preceding  method. 
It  may,  however,  be  shown  to  be  about  8"  or  9". 

By  a  method  that  will  be  noticed  hereafter,  the  sun's 
mean  horizontal  parallax  is  found  to  be  &".6.  Hence  its 
distance  is, 
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D  =  R " .♦   y.^.       =  R'  X  24000,  nearly. 

17.  It  is  obvious  (3)  that  the  effect  of  parallax  is  to  dimi^ 
nish  the  altitude  of  a  body.  And  it  has  been  shown  (3.  11) 
that  the  effect  of  refraction  is  to  increase  the  altitude. 
Hence  to  obtain,  from  the  observed  altitude  of  a  body,  its 
true  altitude,  thatds,  its  altitude  above  the  rational  horizon, 
as  seen  from  the  centre  of  the  earth,  the  refraction  must  be 
subtracted^  and  the  parallax  added. 

As  the  fixed  stars,  in  consequence  of  their  immense  dis- 
tance^ have  no  sensible  parallax,  the  true  altitude  of  a  star 
is  obtained  by  subtracting  the  refraction  from  the  observed 
altitude. 

When  the  body  has  a  sensible  diameter,  which  is  the 
case  with  the  sun,  moon,  and  planets,  the  altitude  of  the 
lower  or  upper  hmb  is  observed.  Consequently  to  obtain 
the  true  altitude  of  the  centre,  the  refraction  must  be  sub- 
tracted, the  parallax  added,  and  the  semidiameter  added 
or  subtracted,  according  as  it  was  the  lower  or  upper  limb 
that  was  observed. 


CHAPTER  VI. 

APPARENT  PATH  OP  THE  SUN. FIXED  STARS. 

1.  The  sun  partakes  with  the  stars  in  the  apparent 
diurnal  motion;  but  the  time  between  his  passing  the 
meridian  on  any  day,  and  his  passing  it  the  next,  is  found 
to  be  greater  than  a  sidereal  day.  The  sun,  therefore, 
appears  to  have  a  motion  eastward  among  the  fixed  stars. 
The  altitude  of  the  sun,  when  on  the  meridian,  is  not  the 
same  on  two  successive  days.  On  the  20th  of  March  and 
22d  of  September,  it  is  about  the  same  as  the  meridian  alti- 
tude of  the  equator;  from  the  former  time  to  the  latter,  it 
is  greater;  and  during  the  other  part  of  the  year  it  is  less. 
On  the  21st  of  June  the  sun's  meridian  altitude  is  greatest, 


y 
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and  it  then  exceeds  the  meridian  altitude  of  the  equator 
about  23""  28';  on  the  2 1st  of  December  it  is  least,  and  is 
then  less  than  that  of  the  equator  by  the  same  quantity 
23<'  28'.  The  sun's  motion  appears,  therefore,  to  be  in  a 
plane,  cutting  the  equator  in  two  opposite  points. 

2.  Let  HZRN,  Fig.  9,  represent  the  meridian,  HOR  the 
horizon,  Pp  the  axis  of  the  heavens,  AQE  the  equator, 
ASFG  the  apparent  path  of  the  sun,  P  the  north  pole,  and 
Z  the  zenith.  Also,  let  s  be  the  situation  of  some  bright 
star,  which,  in  the  latter  part  of  March  or  in  April,  passes 
the  meridian  a  short  time  before  the  sun.*  Let  the  time 
at  which  the  star  passes  the  meridian  be  observed  by  a 
clock,  accurately  regulated  to  sidereal  time.  If  then  the 
altitude  SR  of  the  sun's  centre,  when  on  the  meridian,  be 
determined  from  observation,  and  also  the  time  be  observed, 
we  have  the  polar  distance  PS  =  180°  — (PH  +RS)  = 
180''  —  (latitude  of  the  place  +  altitude  of  the  sun's  centre,) 
and  the  angle  BPQ  =  the  difference  of  times,  converted 
into  degrees  (3.6). 

If  similar  observations  be  made  on  the  same  star  and  the 
sun,  a  few  weeks  after,  when  the  sun  has  moved  in  its 
apparent  path  to  S',  we  shall  have  PS'  and  the  angle  BPD. 
Consequently  the  angle  SPS' =  BPD  — BPQ,  becomes 
known. 

If  the  sun's  apparent  path  ASF  be  a  great  circle,  SPS' 
will  be  a  spherical  triangle,  in  which  we  know  the  two 
sides  PS,  PS'  and  the  contained  angle  SPS' ;  whence  the 
angles  PSS'  and  PS'S  may  be  found.  Then  in  the  right 
angled  triangle  AQS,  we  have  ASQ  =  PSS'  and  QS  = 
90°  —  PS,  with  which  the  angle  A  may  be  found.'  We 
may  also  find  the  angle  A  from  the  triangle  ADS',  in 
which  are  given  AS'D=  180°  — PS'S  and  DS'  =  90°  — 
PS'.  The  value  of  the  angle  A,  thus  determined  from  the 
two  triangles  AQS  and  ADS',  is  found  to  be  the  same. 
Hence  the  apparent  path  ASG  of  the  sun,  is  a  great  circle. 


•  The  bri^rhMr  lUrt  maj  be  diitincUy  Been  in  the  day  time,  with  tn  attronomicel 
telescope. 
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It  therefore  cuts  the  equator  ia  two  poi&tg,  A  and  F,  at 
the  distance  of  ISO""  from  each  other. 

But  little  more  than  half  of  the  circle  is  shown  in  the 
figare,  as  the  whole,  if  accurately  represented,  would 
occupy  too  much  room. 

3.  The  great  circle  which  the  sun  appears  to  describe, 
is  called  the  Ecliptic. 

4.  The  points  in  which  the  ecliptic  cuts  the  equator, 
are  called  the  Equinoctial  Points.  The  time  when  the  sun 
is  at  the  equinoctial  point,  in  his  passage  from  the  south 
to  the  north  side  of  the  equator,  is  called  the  Vemal  Equt-- 
nos ;  and  the  time  when  he  is  at  the  other  equinoctial 
point,  is  called  the  Jiutumnal  Equinox, 

The  terms  Vemal  Equinox  and  Auturnnal  Equinox  are 
frequently  applied  to  the  equinoctial  points  themselves. 

5.  The  two  points  in  the  ecliptic,  which  are  at  90''  dis- 
tance from  the  equinoctial  points,  are  called  the  Solstitial 
Points.  The  point  T  represents  the  situation  of  the  sol- 
stitial point  on  the  north  side  of  the  equator ;  the  other  is 
on  the  part  of  the  ecliptic  left  out  of  the  figure.  The 
time,  when  the  sun  is  at  the  northern  solstitial  point,  is 
called  the  Summer  Soktice^  and  the  time,  when  he  is  at  the 
southern  solstitial  point,  is  called  the  Winter  Solstice. 

6.  A  great  circle,  passing  through  the  equinoctial  points 
and  the  poles  of  the  heavens,  is  called  the  Equinoctial 
Cobire.  Another  great  circle,  passing  through  the  solsti- 
tial points,  is  called  the  Solstitial  Colure. 

7.  The  angle  which  the  ecliptic  makes  with  the  equa- 
tor, is  called  the  Obliquity  of  the  Ecliptic.  The  obliquity  of 
the  ecliptic  is  found  to  be  23^  28'  nearly  (2). 

8.  Two  small  circles  parallel  to  the  equator  and  touch- 
ing the  ecliptic  at  the  solstitial  points,  are  called  the 
Tropics.  That  which  is  on  the  north  side  of  the  equator 
is  called  the  Tropic  of  Cancer^  and  the  other,  the  Tropic  of 
Capricorn.  Thus  aT6  is  the  tropic  of  Cancer,  and  cde  the 
tropic  of  Capricorn. 

9.  Two  small  circles  parallel  to  the  equator,  and  at  a 
distance  from  the  poles  equal  to  the  obliquity  of  the  eclip- 
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tic,  are  called  Polar  Circles.  The  one  about  the  north 
pole  is  called  the  Arctic  Circle ;  the  other,  about  the  Bouth 
pole,  is  called  the  Antarctic  Circle.  Thos^^  is  the  Arctic 
Circle,  and  kmn  the  Antarctic 

10.  Circles,  correspondiug  to  the  tropics  and  polar 
circles,  and  bearing  the  same  name,  conceived  to  be 
drawn  on  the  earth,  divide  its  surface  into  five  parts, 
called  Zones.  The  part  contained  between  the  tropics,  is 
called  the  Torrid  Zone^  the  two  parts  between  the  tropics 
and  polar  circles,  are  called  the  Temperate  Zones^  and  the 
other  two  parts  within  the  pc^r  circles,  are  called  the 
Frigid  Zones. 

1  ^  The  ecliptic  is  supposed  to  be  divided  into  twelve 
equal  parts,  which  are  called  Signs.  Each  sign,  there- 
fore, contains  30  degrees.  The  division  of  the  signs  com* 
mences  at  the  vernal  equinox,  and  they  are  numbered  in 
the  direction  of  the  sun's  apparent  motion  in  the  ecliptic. 
The  signs  of  the  ecliptic  are,  sometimes,  designated  by 
names  or  characters,  instead  of  numbers. 

The  names  of  the  twelve  signs  with  their  corresponding 
numbers,  and  the  characters  by  which  they  are  usually 
denoted,  are. 


s. 

B. 

0.  Aries 

SP. 

6.  Libra 

aS:. 

1.  Taurus 

«• 

7.  Scorpio 

ITl. 

2.  Gemini 

n. 

8.  Sagittarius 

t. 

3.  Cancer 

23. 

9.  Capricornus 

V' 

4.  Leo 

a. 

10.  Aquarius 

ox* 

6.  Virgo 

m. 

U.  Pisees 

>£. 

Aries,  Taurus,  Gemini,  Cancer,  Leo  and  Virgo,  lie  on 
the  north  side  of  the  equator  and  are  called  Jfortkem 
Signs.  The  others  lie  on  the  south  side,  and  are  called 
Southern  Signs. 

Capricornus,  Aquarius,  Pisces,  Aries,  Taurus,  and 
Gemini,  are  called  Ascending  Signs^  because  while  the  sun 
is  in  them,  his  meridian  altitude  contumally  increases. 
Cancer,  Leo,  Virgo,  Libra,  Scorpio,  and  Sagittarius,  are 
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called  Descending  Signs,  because  the  son's  meridian  altitude 
continually  decreases,  while  he  is  in  them. 

12.  A  zone  of  the  heavens,  extending  in  breadth  to  8  or 
9""  on  each  side  of  the  ecliptic,  is  called  the  Zodiac.  Within 
the  zodiac,  all  the  planets  perform  their  motions,  except 
three  of  those  recently  discovered. 

13.  Any  great  circle,  which  passes  through  the  poles  of 
the  ecliptic,  is  called  a  Circle  of  Latitude. 

14.  The  arc  of  the  ecliptic,  intercepted  in  the  order  of 
the  signs,  between  the  vernal  equinox  and  a  circle  of  lati- 
tude, which  passes  through  a  star,  is  called  the  Longitude 
of  the  star.  And  the  arc  of  the  circle  of  latitude,  inter- 
cepted between  the  star  and  the  ecliptic,  is  called  the 
Laiihide  of  the  star.  Latitude  is  said  to  be  north  or  souths 
according  as  the  body  is  on  the  north  or  south  side  of  the 
ecliptic. 

15.  The  arc  of  the  equator,  intercepted  between  the 
veraal  equinox  and  a  declination  circle,  which  passes 
through  a  star,  is  called  the  Right  Ascension  of  the 
star. 

Longitude  and  Right  Ascension  are  both  reckoned  from 
the  vernal  equinox,  round  to  it  again,  in  the  order  of  the 
signs. 

16.  The  situations  of  the  fixed  stars  are  generally 
expressed  by  right  ascension  and  declination;  those  of  the 
sun,  moon,  and  planets,  sometimes  by  longitude  and  lati- 
tude, and  sometimes  by  right  ascension  and  declination. 
With  the  obliquity  of  the  ecliptic  known,  the  longitude  and 
latitude  of  a  body  Bia|r  be  obtained  from  the  right  ascen- 
sion and  declination,  by  means  of  spherical  trigonometry. 
On  the  contrary,  from  the  longitude  and  latitude  the  right 
ascension  and  dechnation  may  be  found. 

17.  Lei  EQ,  Fig.  10,  represent  tbe  equator,  EC  the  ecliptic,  P  and 
P  their  poles^  £  tbe  vernal  equinox,  PSR,  a  circle  of  declination,  and 
P'SL  a  circle  of  latitude,  both  passing  through  a  body  at  S.  Then  will 
£R  be  tbe  right  ascension,  RS  the  declination,  EL  the  longitude,  and  LS 
the  latitude  of  the  body. 
6 
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PtttR 

»  ERa 

>  right  nacensioD, 

D 

-RS- 

declination, 

L 

«sEL» 

longitude, 

^ 

=  LS  = 

latitude. 

t§ 

=  REL 

=>  obliquity  of  the 

ecliptic, 

X 

»RES, 

and  y 

=  LES. 

18.  When  ike  right  ascension  and  dedinaiion  are  gvoeny  to  find  the 
longitude  and  latitude,  we  have^ 

„„-,       tanirRS  ^„       tanffER 

*»"«^^^-inrER'*''"g^s-c-3nms' 

tang  EL  »  cos  LES  tang  ES  =  "-^^S" ' 
and  tang  LS  =  tang  LES  sin  EL. 

_    ^  tang  D  ^        -         cos  (ar— «)  tang  R 

Or  tang  x  a*     .     ,^  ;  tang  L  = i ^ 2 — . 

®  sin  R  '       ®  cos  X  ' 

and  tang  a  »  tang  (x — v)  sin  L. 

If  attention  be  given  to  the  rules  for  trigonometrical  signs,  and  tang  D 
be  considered  negative  when  the  declination  is  souths  these  formule  will 
apply,  whatever  be  the  situation  of  the  body  ;  observing  that  the  longitude 
and  right  ascension  are  always,  either  both  between  90^  and  270°  or  both 
between  270°  and  90°,  and  that,  when  the  tang  x  comes  out  negative^  the 
latitude  is  south. 

Let  S'  be  the  sun's  place  in  the  ecliptic  ;  then  ES'  =  sun's  longitude* 
Hence, 

«     «   1       '1        .        ««f        tang  ER 

tang.    Sun's  longitude  =  tang  ES  == _        =s 

cos  mbiO 

tang  Sun^s  right  ascension 

cos  Obliquity  of  the  ecliptic 

19.  When  the  longitude  and  laiilude  are  given^  to  find  the  right  ascem" 
sion  and  declination^  we  have^ 

tang  LES -'i^fLS       t„      eS-^^^; 
^  sm  EL    '  ^  cos  LES ' 

tang  ER  «  cos  RES  tang  ES  =  <^°^  ^^S  ^^"g  ^L 

^  ^  cos  LES         ' 

and  tang  RS  »  tang  RES  sin  ER*: 

^    ,  tang  X  ^       _,       cos  (y+«)  tang  L 

Or  tang  y  »  -r-^-:  tang  R  = ^^^ —  ; 

^^        sm  L '       ^  cos  y  ' 

and  tang  D  «»  tang  {y+t)  sin  R. 
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When  the  latitade  is  south,  tang  X  mast  h%  eonridartd  n^atiye  ;  and  if 
fang  D  come  out  negative,  the  declination  will  be  south. 

For  the  sun  we  have,  tang  Sun*s  right  ascension  as  tangER  m  cos  RES' 
tang  £S'  =  cos  Obliquity  of  the  ecliptic  X  tang  Sun's  longitude;  and  sin 
Sm's  decl.  =  sin  RS'  =  sin  RES'  sin  £S'  »  sin  obliquity  of  the  eelipiie 
X  sin  Sun's  long. 

20.  The  angle  contained  between  a  circle  of  latitude 
and  circle  of  declination,  both  passing  through  the  sun  or 
a  star,  is  called  the  Angle  of.  Position  of  the  sun  or  star. 

TfFP  be  produced  to  meet  the  equator  in  N,  then  in  the  triangle  P'SP, 
P*S  sr  complement  of  latitude,  PS  sa  complement  of  declination,  FP  « 
obliquity  of  the  ecliptic,  PTS  =  180°  — NPR  «  180°  — NR  «  180° 
—  (EN— ER)  =  180°  —  (90°  -  ER)  =  90°  +  ER  —  90°  +  right  as- 
cension, and  PP'S  «  EM  —  EL  -.^  80°  —  longitude.  With  any  three  of 
these  five  parts  given,  the  angle  of  Position  PSP*  may  be  found. 

When  the  longitude,'latitude,  and  obliquity  of  the  ecliptic  are  given,  we 
bave,  putting  S  a  PSP'  the  angle  of  position,  (App.  37). 

„       cot  PF  sin  FS  —  cos  P'S  cos  PFS 

cot  O  ss 1 — -— -— 

sm  PP'S 
^  cot  tf  cos  A  —  sin  X  cos  (90°  —  L) 
sin  (90°— L) 
cot  t§  COS  X  —  sin  A  sin  L 


cos  L 
sin  L     /cot  t§ 


cos  X 


—  sin  xj 


cos  L     Vsin  L' 

-     /cot  ti  \ 

=  tan  L.  I  .    - .  cos  X  —  sin  x) 

\sm  L  / 

Make  tan  «  a  sin  L  tan  m. 

^.      c^ot  «f  1  1  cos » 

Then  -: — r-  =»-: — z—- as  : =  cot  «  =   -: 

sm  L     sm  L  tan  a       tan  z  sm  % 

Hence  cot  S  :a  tan  L.  l- — .  cos  x  —  sin  x| 
Vsm  z  7 

tanL      ,  .        .      V 

as  -: — .    (cos  z  COS  X  —  Sin  «  sm  x)- 
Bin  z     ^  ' 

But  (App.  14)  cos  s;  cos  x  —  sin  js  sin  x  »  cos  (z  +  x). 

Therefore  cot  S  »  ^^^^.  cos  (« +  x).  -        -        -        (A) 

When  the  longitudoi  declination,  and  obliquity  of  the  ecliptic,  are  given, 

we  have, 

.    -,       sin  PP'  sin  PP'S       cos  L  sin  t» 

sidS» r-T55 «r _-  -         .         -         (B) 

sm  PS  cos  D  ^ 


For  the  sun^'x  »  o,  and  the  formula 
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,  -,      cot  I*  cog  X  —  sin  X  sin  L  . 

cot  S  a* r— becomesy 

cos  L 

,  Q      cot  *r 

cot  S  » 1 , 

cos  L 

Or  tan  S  a.  ^2L.  a  cos  L  tan  • (C) 

cot  •>  ^   ^ 

It  is  easy  to  see  that  the  northern  part  PS  of  the  circle  of  latitude  is 
to  the  west  of  the  northern  part  PS  of  the  circle  of  dec]ination«  when  the 
longitude  is  less  than  90^  or  more  than  270^,  and  to  the  east  when  it  is 
between  90""  and  STO"". 


SITUATIONS  OF  THE  FIXED  STARS. 

21.  In  order  to  distinguish  the  different  groups  or  clus- 
ters of  stars,  spread  over  the  whole  extent  of  the  visible 
heavens,  the  ancients  conceived  the  figures  of  men,  ani- 
mals and  other  objects  to  be  drawn  on  the  concave  surface 
of  the  celestial  sphere,  and  gave  to  .the  groups  the  names 
of  the  figures  thus  conceived  to  be  drawn.  This  mode  of 
distinction  still  continues  in  use.  The  group  of  stars  con- 
tained within  the  contour  of  any  such  figure,  is  called  a 
Constellation. 

The  following  tables  exhibit  the  names  of  the  principal 
constellations,  as  they  are  usually  expressed  on  celestial 
charts  or  globes,  with  their  significations  in  English. 

1.   ANCIENT  CONSTELLATIONS. 

Northern. 

1.  Ursa  Minor,  The  Little  Bear. 

2.  Ursa  Major,  The  Great  Bear. 

3.  Draco,  The  Dragon. 

4.  Csepheus,  Ctepheus. 

5.  Bootes,  Bootes. 

6.  Corona  Borealis,  The  Northern  Crown. 

7.  Hercules,  Hercules  kneeling. 

8.  Lyra,  The  Lyre. 

9.  Cygnus,  The  Swan. 

10.  Cassiopeia,  The  Lady  in  her  Chair, 
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11.  Perseus, 

12.  Auriga, 

13.  Serpentarius, 
,  14.  Serpens, 

15.  Sagitta, 

16.  Aquita, 

17.  Delpbious, 

18.  Elquulus, 

19.  Pegasus, 

20.  Andromeda, 

21.  Triangulum, 


Perseus. 

The  Wagoner. 
Serpentarius. 
The  Serpent 
The  Arrow. 
The  Eagle. 
The  Dolphin. 
The  Horse's  Head. 
The  Flying  Horse. 
Andromeda. 
The  Triangle. 


Constellations  of  the  Zodiac. 


22.  Aries, 

23.  Taurus, 

24.  Gemini, 

25.  Cancer, 

26.  Leo, 

27.  Virgo, 

28.  Libra, 

29.  Scorpio, 

30.  Sagittarius, 

31.  Capricornus, 

32.  Aquarius, 

33.  Pisces, 


34.  Cetus, 

35.  Orion, 

36.  Eridanus, 

37.  Lepus, 

38.  Canis  Major, 

39.  Canis  Minor, 

40.  Argo, 

41.  Hydra, 

42.  Crater, 

43.  Conros, 


The  Ram. 
The  Bull. 
The  Twins. 
The  Crab. 
The  Lion. 
The  Virgin. 
The  Scales. 
The  Scorpion. 
The  Archer. 
The  Goat. 
The  Water-bearer. 
The  Fishes. 


Southern. 


The  Whale. 
Orion. 
Eridanus. 
The  Hare. 
The  Great  Dog. 
The  Little  Dog. 
The  Ship. 
The  Hydra. 
The  Cup. 
The  Crow. 
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44.  Centaurus, 

The  Centaur. 

45.  Lupus, 

The  Wolf. 

46.  Ara, 

The  Akar. 

47.  Corona  Australia, 

The  Southern  Crown. 

48.  Piscis  Australia, 

The  Southern  Fish. 

2.    NEW  SOUTHERN    CONSTELLATIONS. 

1.  Columba  Noachi, 

Noah's  Dove. 

2.  Robur  Carolinum, 

The  Royal  Oak. 

3.  Grus, 

The  Crane. 

4.  Phoenix, 

The  Phoenix. 

5.  Indus, 

The  Indian. 

6.  Pavo, 

The  Peacock. 

7.  Apus,  Jlvis  Indica^ 

TheBirdofParadisp. 

8.  Apis,  Musca, 

The  Bee  or  Fly. 

9.  Chamelion. 

The  Chamelion. 

10.  Triangulum  Australe, 

The  Southern  Triangle. 

11.  Piscis  volans,  Passer^ 

The  Flying  Fish. 

12.  Dorado,  Xiphias^ 

The  Sword  Fish. 

13.  Toucan, 

The  American  Goose. 

14.  Hydrus, 

The  Water  Snake. 

3.   HEVELIUS^S  CONSTELLATIONS. 

Made  out  of  the  Unformed  Stars. 

1.  Lynx, 

The  Lynx. 

2.  Leo  Minor, 

The  Little  Lion. 

3.  Coma  Berenices, 

Berenice's  Hair, 

4.  Asteron  and  Chara, 

The  Greyhounds, 

5.  Cerberus, 

Cerberus. 

6.  Vulpecula  and  A^ser, 

The  Fox  and  Goose. 

7.  Antinoiis, 

Antinotlis. 

8.  Scutum  Sobieski, 

Sobieski's  Shield. 

9.  Lacerta, 

The  Lizard. 

10.  Camelopardalis, 

The  Camelopard. 

11.  Monoceros, 

The  Unicorn. 

12.  Sextans, 

The  Sextant. 
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22.  The  stars  of  a  constellation  are  distinguished  by 
the  letters  of  the  Greek  alphabet,  which  are  applied  to 
them  according  to  their  apparent  relative  size,  or  bright- 
ness. The  principal  star  in  the  constellation  is  named  », 
the  second  in  order  0,  the  third  y,  and  so  on.  When  the 
number  of  stars  in  a  constellation  exceeds  the  letters  in 
the  Greek  alphabet,  the  letters  of  the  Roman  alphabet  are 
applied  to  the  remainder  in  the  same  manner ;  and  when 
these  are  not  sufficient,  the  numbers  1,  2,  3,  &c.  are  used 
to  designate  those  that  arc  left. 

Some  of  the  fixed  stars  have  particular  names,  as  Sirius^ 
jSldebaran^  Arciurus^  Regulus^  Sfc. 

23.  The  stars  are  also  divided  into  classes,  depending 
on  their  apparent  magnitudes  or  brightness.  Those  of 
the  first  class,  are  called  stars  of  the  first  magnitude^  those 
of  the  second,  stars  of  the  second  magnitude^  and  so  on  to 
stars  of  the  sixth  or  seventh  magnitude^  which  includes  all 
those  that  are  just  visible  to  the  naked  eye.  Those  stars 
which  are  not  visible  without  the  aid  of  a  telescope,  are 
called  telescopic  stars.  The  distinction  of  magnitudes  is 
continued  in  the  telescopic  stars,  from  the  seventh  or  eigfUh 
to  the  sixteenth ;  the  latter  including  those  stars  that  are 
just  visible  with  the  best  telescopes. 

24.  In  the  triangle  ASQ,  Fig.  9.  having  QS  and  the 
angle  ASQ  (2),  AQ  may  be  found ;  then  AQ  —  QB  =  AB 
=  ^he  right  ascension  of  the  star  s.  When  the  right 
ascension  of  one  star  is  obtained,  the  right  ascension  of 
any  other  may  be  found  by  observing  the  difference  be- 
tween the  time  of  its  passing  the  meridian  and  the  time  c^ 
the  known  star  doing  the  same. 

Let  s'  be  the  situation  of  the  star  s  when  on  the  meri- 
dian, then  its  declination  Bs  =  Q*'  =  Rjp'  —  RQ  =  R^'  — 
(90o  _  PH)  =  R*'  +  PH  —  90°  =  the  correct  meridian 
altitude  of  the  star  +  latitude  of  the  place  —  90^ 

When  the  right  ascensions  and  declinations  of  the  stars 
have  been  obtained,  their  longitudes  and  latitudes  may  be 
calculated  (18). 

25.  A  table  containing  a  list  of  fixed  stars,  designated 
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by  their  proper  characters,  and  giving  their  right  ascen- 
sions and  declinations  or  their  longitudes  and  latitudes,  is 
called  a  Catalogue  of  those  stars. 

26.  Hipparchus  began  the  first  catalogue  of  the  fixed 
stars  120  years  before  the  Christian  era.  This  catalogue, 
with  some  additions,  was  afterwards  published  by  Ptolemy, 
and  contained  the  situations  of  1022  stars.  The  Britannic 
catalogue,  published  by  Flamstead,  in  1689,  contained  the 
situations  of  3000  stars.  Since  that  period  various  other 
catalogues  have  been  publishedysome  of  which  are  very 
extensive.  Bodc^s  Atlas  and  Catalogue  contain  the  situ- 
ations of  17,000  stars.  The  catalogues  of  Lacaiile,  Brad- 
ley, Mayer,  and  Maskelyne,  are  not  extensive,  but  they  are 
valued  for  their  accuracy. 

All  the  fixed  stars  visible  to  the  naked  eye,  with  some 
others,  are  represented  on  celestial  globes  of  12  or  18 
inches  diameter. 

27.  The  number  of  stars  visible  with  the  best  telescopes, 
amounts  to  several  millions :  but  the  number  visible  to  the 
naked  eye,  is  much  less  than  is  generally  supposed  by 
those  who  only  judge  from  the  impressions  made,  when 
noticing  them  on  a  fine  evening.  The  number  thus 
visible  at  any  one  time  above  the  horizon  does  not  much 
exceed  1000. 

28.  Many  of  the  stars,  which  to  the  naked  eye,  or 
through  telescopes  of  small  power,  appear  single,  are 
found  with  high  magnifiers  to  consist  of  two,  three,  or 
morQ  stars,  extremely  near  to  each  other.  These  are 
called  Double  Stars. 

29.  The  fixed  stars  are  not  entirely  exempt  from  change. 
Several  stars,  which  are  mentioned  by  the  ancient  astro- 
nomers, have  now  ceased  to  be  visible,  and  some  are  now 
visible  to  the  naked  eye,  which  are  not  in  the  ancient  cata- 
logues. 

30.  There  are  some  stars  which  undergo  a  regular 
increase  and  diminution  of  lustre.  These  are  called 
Variable  or  Periodical  Stars. 

31.  Many  spaces  are  discovered  in  the  heavens,  which 
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are  feiatly  luminous,  and  shine  with  a  pide  white  light. 
Oa  ai^lying  to  them  telescopes  of  great  power,  they  are 
found  to  consist  of  a  multitude  of  small  stars,  distinctly 
separate,  but  very  near  to  each  other.  These  are  called 
Ae&tf&e.  The  MHky  Way  is  a  space  of  this  kind,  and  is 
risible  to  the  naked  eye. 

PRECESSION  OF  TIIE  EQUINOXES. 

32.  By  comparing  catalogues  of  the  same  fixed  starSy 
filmed  at  different  periods,  it  is  found  that  their  latitudes 
continue  very  nearly  the  same,  but  that  all  their  longitudes 
increase  at  the  rate  c^  50".2  in  a  year.  As  the  latitude  of 
a  star  is  its  distance  from  the  ecliptic  (14),  it  follows  from 
the  first  mentioQed  circumstance,  that  the  plane  of  the 
ecliptic  remains  fixed,  or  very  nearly  so,  with  respect  to 
the  situations  of  the  fixed  stars. 

33.  The  longitude  of  a  star  being  the  arc  of  the  ecliptic, 
itttercq^d  in  the  order  of  the  signs,  between  the  vernal 
equinox,  and  a  circle  of  latitude  passing  through  the  star, 
(14),  it  follows  from  the  circumstance  of  all  the  stars 
having  the  same  increase  of  longitude  (32),  that  the  vernal 
equinox  must  have  a  retrograde  motion  along  the  ecliptic, 
that  is,  a  motion  in  a  direction  contrary  to  the  order  of 
the  signs,  amounting  to  50".2  in  a  year.  As  the  autumnal 
equinox  is  always  at  the  distance  of  180''  fi^om  the  vernal 
equinox  (2  and  4),  it  must  have  the  same  motion.  This 
retrograde  motion  of  the  equinoctial  points,  is  called  the 
Precession  of  the  Eqmnoses* 

34.  As  the  ecliptic  remains  fixed  (32),  its  pole  must  also 
continue  in  the  same  place ;  but  the  equator  and  its  pole 
must  change  their  situations,  otherwise  there  could  not  be  a 
motion  in  the  equinoctial  points.  Let  IX)^  Fig.  11,  be  the 
ecliptic,  P  its  pole,  p'/^D  a  circle  about  the  pole  P,  at  a 
distance  equal  to  the  obliquity  of  the  ecliptic,  EQC  the 
equator,  and  P/^LQ  the  solstitial  'colure.  Then  because 
E  is  the  pole  of  PLQ,,  the  pole  of  the  equator  EQC  is  in 
PLQ;  it  is  also  in  the  small  circle //>D;  it  is  therefore  at 

7 
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p.  Now,  if  the  vernal  equinox  E,  move  by  a  retrograde 
motion  to  £s  the  solstitial  point  L  will  move  a  Hke  dis- 
tance to  L';  therefore,  E'Q'C  will  then  be  the  equator, 
Pp'VQI  the  solstitial  colure,  andy  the  pole  of  the  equator. 
Hence  the  pole  of  the  equator  has  a  retrograde  motion, 
in  a  small  circle  about  the  pole  of  the  ecliptic,  and  at  a 
distance  from  the  latter  pole,  equal  to  the  obliquity  of  the 
echptic. 

The  precession  of  the  equinoxes  being  only  50''.2  in  a 
year,  it  must  require  25817  years  for  them  to  move  through 
the  whole  of  the  ecliptic;  and  the  pole  of  the  equator  will 
evidently  require  the  same  time  to  make  its  retrograde 
revolution  about  the  pole  of  the  ecliptic. 

35.  The  change  in  the  situation  of  the  equator,  which 
produces  the  precession  of  the  equinoxes,  must  also  pro- 
duce changes  in  the  right  ascensions  and  declinations 
of  the  stars.  These  changes  are  diiSerent,  according  to 
the  situations  of  the  stars  with  respect  to  the  equator  and 
equinoctial  points.  The  change  which  takes  place  in  the 
right  ascension  or  declination  of  a  star  in  the  course  of  a 
year  is  called  the  Annual  Variation  in  right  ascension  or 
declination. 

Let  s  be  the  situation  of  a  star,  psab  a  declination  circle, 
when  EQC  is  the  situation  of  the  equator,  EE'  the  annual 
precession  in  longitude  =  50".2  (32),  and  Em  and  p'sal 
declination  circles,  when  the  situation  of  the  equator  is 
E'Q'C".  Then  the  difference  between  a's  and  a$^  is  the 
annual  variation  in  declination  of  the  star  ^,  and  the  differ- 
ence between  EV  and  Ea,  is  its  annual  variation  in  right 
ascension.  The  annual  variations  in  right  ascension  and 
declination,  may  be  expressed  in  formuIsB,  involving  only 
the  right  ascension  and  declination  of  the  star,  and  the 
obliquity  of  the  ecliptic. 

ANNUAL  VARIATION  IN  DECLINATION. 

36.  Let  #11  be  equal  to  jp'  and  np'  be  the  arc  of  a  great  circle ;  then  as 
the  arcs  pp'  and  p'n  are  evidently  yery  small,  we  may,  without  sensible 
error,  consider  pp'  as  the  arc  of  a  great  circle,  and  the  angle  pnp'  as  a 
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light  angle*  excepting,  with  respect  to  the  latter,  the  case  in  which  the 
liar  is  very  near  the  pole.  We  may  also  consider  any  very  small  are  as 
equal  to  its  sine  or  tangent. 

Put  tf  apP  a  EE'si  a  oUiquity  of  the  ecliptic, 

R  ssB  £a  :s  right  ascension, 
and  V  «a  variation  in  declination.    Then 

,       pPp'sinjiP       60".2  8in.f       ^_  ^   . 
^^  sin  pp'P  sin  90° 

pm  ^BMpp'  cos  p'ps  =  50".2  sin  »  cos  p'ps. 
But  p'pM  »  90"" — apQ  s.  EQ  —  aQ  s  En  «i  R, 
and  pn^sp  —  m^sp  —  *p' ■«  90°  —  as  —  (90  —  a'#)  « a'# — 
asesv. 

Therefore  e  »  50".2  sin  iv  cos  R. 

When  the  declination  is  north,  as  in  the  figure,  the  sign  of  e  is  the 
same  as  the  sign  of  cos  R  ;  but  when  the  declination  is  south,  the  sign  of 
0  must  be  contrary  to  that  of  cos  R. 


ANNUAL  VARIATION  IN  RIGHT  ASCENSION. 

97.  Let  D  sft  4u  s  declination  of  the  star,  and  V  »  its  annual  variation 
in  right  ascension.     Then 

V »  EW  — Eft  »  ETa'—mb  »  E'm  +  a'b. ; 

E'm  =  E'E  cos  EE^m  »  SO^'.S  cos  a ; 

p'n  =  pp  sin  pps  a  50".2  sin  «  sin  R  ; 

^         p'n         60".2  sin  «  sin  R         . 

jW  n  .^   ,    a -; ;  snd 

'^  "^       sin  p«  cos  a* 

,  _    .      ,             ,  .      /         50".2  sin  u  sin  R  sin  afs      ^^  ^   , 
gb  =  a  90  sin  a  #  ^^xpsp'  sin  o  #  = -) »  BC  .2  sin 

«  sin  R  tan  o^s. 

As  the  quantity  50'^^  sin  i»  sin  R,  which  is  multiplied  by  tan  a'«,  is 
very  small,  and  as  the  difference  between  €^9  and  a9  can  only  be  a  few 
seconds,  we  may,  without  sensible  error,  consider  tan  a'9  »  tan  as  a  tan 
D.     Therefore 

dh  a  50".2  sin  v  sin  R  tan  D,  and 

y  »  E'm  +  ah  »  bQf\2  cos  «»  +  60''.2  sin  «r  sin  R  tan  D. 

When  the  declination  is  south,  tan  D  must  be  taken  negative.  The 
second  term  of  the  value  of  V  is  negative  when  the  right  ascension  is  less 
than  180^  and  declination  south,  or  when  the  right  ascension  is  more  than 
180^  and  declination  north.  In  either  of  these  cases,  when  sin  R  tan  D 
18  so  great  as  to  make  the  second  term  exceed  the  first,  the  value  of  V  is 
negative. 

Em «  60'^2  cos  « a  46"^,  is  the  annual,  retrograde  motion  of  the 
equinoctial  points  along  the  equator. 
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38.  In  catalogues  of  the  fixed  Btars,  which  express  then* 
situations  by  right  ascensions  and  declinations,  the  annual 
variations  in  these  are  also  stated,  with  their  proper  signs. 
In  some  catalogues  the  north  polar  distances  of  the  stars 
are  given,  instead  of  the  declinations.  The  variations  will 
be  the  same,  except  that  they  will  have  a  contrary  sign, 
when  the  north  polar  distance  is  less  than  90"^. 

39.  With  the  right  ascension  and  declination  of  a  star 
for  a  given  time  and  their  annual  variations,  its  rigfit 
ascension  and  declination  may  be  found,  with  considerable 
accuracy,  for  a  time  a  few  years  later  or  earlier.  Put  /  = 
the  number  of  years,  then  /.  V  =  its  change  in  right  ascen- 
sion and  /.  t;  =  its  change  in  declination,  nearly.  If  the 
time  for  which  the  right  ascension  and  decKnation  are 
required,  is  after  the  given  time,  /.  V  and  /.  v  must  be 
applied,  with  their  signs  as  determined  by  the  preceding 
formulae ;  but,  if  it  is  before  the  given  time,  /  must  be  con- 
sidered negative,  which  will  change  the  signs  of  t.  V 
and  /.  V. 

When,  from  the  right  ascension  and  declination  of  a 
star  for  a  given  time,  its  right  ascension  and  declination 
are  required  with  accuracy,  for  a  time  several  years  earlier 
or  later,  they  can  be  found  by  rigorous  formul®,  which 
have  been  investigated  for  the  purpose ;  or  with  nearly  the 
same  facility,  by  calcula^ting  the  longitude  and  latitude  of 
the  star  for  the  given  time  (18),  adding  to  the  longitude 
the  precession  in  longitude,  which  will  be  the  product  of 
5(y.2  by  the  interval  of  time  expressed  in  years  and  parts, 
and  then  with  the  longitude  thus  obtained  and  the  latitude, 
calculating  the  right  ascension  and  declination. 

40.  In  consequence  of  the  precession  of  the  equinoxes, 
the  twelve  signs  of  the  ecliptic,  which  about  2000  years 
ago,  respectively  corresponded  with  the  twelve  constella- 
tions of  the  zodiac,  bearing  the  same  names,  have  receded 
so  far,  that  the  sign  Taurus  now  corresponds  nearly  with 
the  constellation  Aries. 

41.  The  vbible  effect  of  the  precession  on  the  aspect 
of  the  heavens  becomes,  in  process  of  time,  particularly 
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coDspiciioiis  in  the  positionfii  of  the  northern  stars,  with 
reference  tou  the  north  pole  of  the  heavens.  Since  this 
pole  has  a  continual  retrograde  motton  in  a  circle  distant 
about  23i''  from  the  pole  of  the  ecliptic,  which  remains 
nearly  fixed,  its  distance  from  any  of  the  surrounding  stars 
must  in  time  materially  change.  The  star  which  is  called 
the  pole  star,  the  distance  of  which  from  the  pole  is  at 
present  only  V  34',  was  at  the  time  of  the  formation  of  the 
earliest  catalogues,  at  the  distance  of  12"^.  It  will  con- 
tinne  to  approach  the  pole  till  its  distance  will  be  within 
half  a  degree,  and  will  then  begin  to  recede.  In  about 
12,000  years  from  the  present  time,  the  very  bright  star  « 
Lyr»,  which  is  now  at  a  distance  of  more  than  50°  from  the 
pole,  will  approach  it  within  about  5"",  and  will  of  course 
be  the  pole  star.  At  that  period  our  present  pole  star 
will  be  more  than  40""  from  the  pole. 

42.  In  the  preceding  investigations,  we  have  considered 
the  plane  of  the  ecliptic  as  fixed  and  the  obliquity  of  the 
ecliptic  as  continuing  always  the  same.  This,  though 
very  nearly,  is  not  strictly  true.  A  comparison  of  accurate 
observations,  made  at  long  intervals  of  time,  proves  that 
each  is  subject  to  a  slight  change.  These  changes  will 
be  noticed  in  a  succeeding  chapter. 


CHAPTER  VII. 

sun's  apparent  orbit. — Kepler's  laws. — kepler's  problem. 

1.  It  has  been  shown  (6.37)  that  the  vernal  equinox  has 
a  retrograde  motion  along  the  equator  of  46"  a  year. 
This  is  its  mean  motion.  It  has  been  found  from  accurate 
observations  that  this  motion  is  not  uniform. 

The  place  at  which  the  vernal  equinox  would,  at  dfcy 
time,  be,  if  its  motion  was  uniform,  is  called  its  Mean  place, 
or  the  Mean  Equinox. 

2.  The  motion  of  the  mean  equinox  along  the  equator 
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being  46""  a  year,  its  motioo  in  one  day  must  be  ^  of -a 
second  nearly,  which  corresponds  to  riv  of  a  second  in 
time  (3.6).  If  therefore  on  any  particular  day  the  mean 
equinox  be  on  the  meridian  at  precisely  the  same  instant 
with  some  fixed  star,  it  would,  in  consequence  of  its  retro** 
grade  motion,  come  to  the  meridian  on  the  succeeding 
day  tIt  of  a  second  earlier  than  the  star. 

3.  Some  astronomers,  with  a  view  to  convenience  in 
observing  the  right  ascensions  of  the  heavenly  bodies, 
regulate  their  clocks  so  as  to  mark  0  h.  0  m.  0  sec.  when 
the  mean  equinox  is  on  the  meridian,  and  they  call  the 
interval  between  two  of  its  consecutive  passages  over  the 
meridian,  a  Sidereal  Day. 

The  term  sidereal  day  is  now  generally  used  as  here 
defined,  and  is  to  be  thus  understood  in  the  following  parts 
of  the  work.  But  on  account  of  the  very  small  diiSerence 
between  its  length  and  the  length  of  the  sidereal  day  as 
defined  in  a  preceding  chapter  (3.5),  we  may  consider  them 
as  equal  in  all  cases  that  regard  observations  made  during 
a  single  day  or  a  small  number  of  days. 

4.  The  time  between  two  consecutive  passages  of  the 
sun^s  centre,  over  the  meridian,  is  called  a  True  Solar  Day. 
In  consequence  of  the  sun^s  motion  eastward  among  the 
fixed  stars  (6.1),  the  length  of  a  solar  day  is  greater  than 
that  of  a  sidereal  day. 

It  is  ascertained  by  observations  that  the  length  of  a  solar 
day  is  difierent  at  different  times  in  the  year,  but  that  at 
the  same  time  in  different  years  it  is  very  nearly  the  same. 
By  comparing  the  number  of  solar  days  that  elapse  from 
the  time  that  the  sun  passes  the  meridian  on  a  given  day 
in  any  year,  to  the  time  of  its  passage  on  the  same  day  in 
some  succeeding  year,  with  the  number  of  sidereal  days 
and  parts  of  a  day,  that  elapse  during  the  same  time,  it  is 
found  that  the  mean  length  of  a  solar  day,  called  a  Mean 
Solar  Day^  is  equal  to  24  h.  3  m.  56.555  sec.  of  sidereal 
time. 

5.  The  ratio  of  24  h. :  24  h.  3  m.  56.555  sec.  is  the  same 
as  1  : 1.0027379 ;  and  therefore  one  solar  day  is  equivalent 
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to  1.0027379  days  of  sidereal  time.  Hence  to  reduce  a 
given  portion  of  mean  solar  time  to  the  corresponding 
sidereal  time,  we  must  multiply  by  1.0027379;  and  on  the 
contrary,  to  reduce  sidereal  to  mean  solar  time,  we  must 
divide  by  the  same  number. 

The  excess  of  a  mean  solar  day  above  a  sidereal  day  is 
3  m.  56.555  sec.  in  sidereal  time;  and  in  mean  solar  time 
it  is  3  m.  55.91  sec. 

6.  By  observing  the  altitude  of  the  sun  when  on  the 
meridian  of  a  place  whose  latitude  is  accurately  known, 
its  north  polar  distance  may  be  determined  (6.2).  If  this 
be  done  on  several  successive  days,  about  the  20th  of 
March,  it  will  be  found,  either  that  on  some  one  of  these 
days,  the  north  polar  distance  is  exactly  90"^,  and  conse- 
quently that  the  sun  is  then  at  the  equinox,  or  which  is 
much  more  probable,  that  on  the  first  of  some  two  conse- 
cutive days  the  north  polar  distance  is  greater,  and  on  the 
second  less,  than  90''.  From  these  observations,  the  time 
that  the  sun  is  at  the  vernal  equinox  may  be  determined. 

Let  A,  Fig.  1^9  be  the  son's  place  on  the  first  of  these  two  days,  B  its 
place  on  the  second,  CD  a  portion  of  the  equator,  P  its  north  pole,  and 
AB  a  portion  of  the  ecliptic.  Then  will  E  be  the  place  of  the  ?emal 
equinox. 

The  arcs  PA  and  PB  are  known ;  and  from  the  interval  in  sidereal 
time  between  the  two  observations,  the  angle  APB  or  its  measure,  the  arc 
CD,  is  likewise  known ;  it  being  evidently  equal  to  the  excess  of  the  inter- 
val above  24  hours,  converted  into  degrees  or  parts  of  a  degree.    But, 
tan  AG  »  tan  E  sin  EC» 
tan  BD  « tan  E  sin  ED  ; 
therefore  tan  AC  :  tan  BD  : :  sin  EC  :  sin  ED, 
or,    tan  AC  +  Un  BD  :  tan  AC  —  tan  BD  : :  sin  EC  +  sin  ED  :  sin 
£C  — sinED. 

From  whence  we  have  (App.  32), 
sin  (AC  +  BD)  :  sin  (AC  —  BD)  :  :'tan  i  (EC  +  ED)  :  Un  i  (EC 
-ED,) 

•      ±  f^r^     x^T^x     '  ««n  i  (EC  4-  ED)  sin  (AC  —  BD) 
or   tan  J  (EC-ED) ^in  (AC -f  BD) "' 

tan  \  CD  sin  (PA  —  90°  —  90^  +  PB) 
"         sin  (PA  —  90°  4-  90°  —  PB) 

tan  i  CD  sin  (PA  +  PB  —  180°) 
""  8in(PA  — PB) 
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Now  kaowiflg  CD  and  i  (SC~  EDX  we  know  EC  tod  SD,  whick  ih 

the  suq's  distances  fr<Hn  tbe  equinox  at  the  times  of  observation.  The 
sun^s  motion  in  right  ascension  during  a  day  may  be  considered  uniforniy 
particularly  near  the  equinox,  as  may  be  determined  by  observing  it  for 
several  days  about  that  time,  ir,  therefore,  OE  converted  into  time  (3.6), 
be  added  to  the  sidereal  time  of  the  first  observation,  we  shall  have  the 
sidereal  tiaie  at  which  the  sun  is  at  tbe  eqoinez* 

7.  By  similar  observations  made  the  ensuing  year,  the 
time  of  the  sun's  return  to  the  vernal  equinox  will  be 
known. 

8.  The  interval  of  time  between  two  consecutive  returns 
of  the  sun  to  the  vernal  equinox  is  called  a  Tropical  Year. 

The  ancient  astronomers  determined  the  length  of  the 
year  from  the  sun's  return  to  the  same  tropic,  and  thence 
applied  to  it  the  terra  tropical  year*,  which  is  still 
retained. 

9.  The  length  of  the  tropical  year  is  subject  to  a  slight 
variation.  By  observations  made  at  intervals  of  50, 60  or 
100  years,  its  mean  length,  expressed  in  mean  solar  time, 
is  found  to  be  365  d.  5  h.  48  m.  48  sec. 

Hence  365  d.  5  h.  48  m.  48  sec.  :  1  day  : :  seO""  :  59' 
8/'  33  =  sun's  mean  motion  in  IcHigitude  during  a  mean 
solar  day. 

10.  On  account  of  the  annual  precession  of  the  equinox 
in  longitude,  which  is  50/'2  (6.33),  the  sun  only  passes 
through  an  arc  of  the  ecliptic  equal  to  359°  59'  9".8,  dur-  * 
ing  a  tropical  year.  ' 

11.  The  time  in  which  the  sun  passes  through  the 
whole  360""  of  the  ecliptic,  or  which  is  the  same  thing,  the 
interval  of  time  between  two  consecutive  returns  of  the 
sun  to  the  same  fixed  star,  is  called  a  Sidereal  Year. 

Hence  359°  59'  9".8  :  360°  : :  365  d.  5  h.  48  m.  48  sec. : 
365  d.  6  h.  9  m.  10  sec.  =  the  length  of  a  sidereal  year, 
expressed  in  mean  solar  time.  The  sidereal  year  therefore 
exceeds  the  solar,  by  20  m.  22  sec. 

12.  When  the  sun's  apparent  diameter  is  accurately 
observed,  at  different  seasons  in  the  year,  it  is  found  to 

*  The  term  B^inoetiid  Year,  which  is  more  appropriate,  is  now  sometimes  used. 
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▼ary.  It  is  greatest  about  the  first  of  Janaary  and  conti- 
nually decreases  till  about  the  first  of  July,  when  it  is  least 
It  then  increases  till  the  first  of  January.  When  greatest 
it  is  32'  34".6,  and  when  least  it  is  31'  30'M.  Conse- 
quently the  mean  diameter  is  32'  2".3.  As  there  is  no 
reason  to  suppose  that  this  change  in  the  apparent  diame- 
ter is  caused  by  a  change  in  its  real  diameter,  it  is  inferred 
that  the  sun's  distapce  from  the  earth  is  variable. 

13.  From  a  comparison  of  the  sun's  apparent  diameter, 
as  observed  at  any  two  different  times,  we  may  obtain  the 
ratio  of  its  distances  from  the  earth  at  those  times.    Let  * 
AB  and  A'  B',  Fig.  ]  S,  be  the  sun  in  two  different  situations, 
and  £  the  place  of  the  earth. 

Put  i  =  apparent  diameter  AEB 
y  aa  apparent  diameter  A'EB' 
D  a  ES  and  D'  «  ES'. 
Then  D  sin  i  a  »  AS  »  A'S' »  D'  ain  i  }f. 


D^     Bjnjy  ^  jy     y 

^''D'^sinia       iJ  "a* 


14.  The  apparent  diameter  of  the  sun,  when  at  his  mean 
distance  from  the  earth,  is  62'  T'.S. 

In  the  same  manner  as  for  the  moon's  parallax  (5.15),  if  a,  y,  and  Tf'^ 
be  the  sun's  apparent  diameter,  at  its  greatest,  least,  and  mean  distances, 
we  shall  have, 

15.  From  the  sun^s  apparent  diameter  and  horizontal 
parallax,  its  real  diameter  may  be  determined.  It  is  about 
1 1 1  times  the  earth's  diameter.. 

If  li  s  2  AS  «s  sun's  real  diameter,  we  have, 

^      '  sinw.  sm«  m  8 '6. 

»  R  X  223  =  1 1 4  times  the  earth's  diameter. 

16.  The  sun's  right  ascension  may  be  obtained  by  ob- 
serving the  sidereal  time  of  its  passage  over  the  meridian. 
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From  the  right  ascension,  the  longitude  may  be  calculated 
(6.19).  The  sun's  longitude  thus  obtained,  at  different 
times  in  the  year,  does  not  increase  uniformly  with  the 
time.  Its  greatest  motion  in  longitude  during,  a  mean 
solar  day  is  61'  10",  and  takes  place  at  the  time  its  appa- 
rent diameter  is  greatest.  Its  least  motion  is  57"^  1 1",  and 
takes  place  when  the  apparent  diameter  is  least. 

17.  The  curve  which  the  sun's  centre  seems  to  describe 
in  the  plane  of  the  ecliptic,  during  a  year,  is  called  the 
Apparent  Orbit  of  the  sun. 

18.  A  right  line,  conceived  to  be  drawn  from  the  centre 
of  the  sun  to  the  centre  of  the  earth,  or  to  the  centre  of  a 
planet,  is  called  the  Radius  Vector  of  the  earth  or  planet. 
A  right  line  joining  the  centres  of  the  earth  and  moon,  is 
called  the  radius  vector  of  the  moon. 

19.  It  appears  from  the  change  in  distance  between  the 
sun  and  earth  (12),  that  the  sun's  apparent  orbit  is  not  a 
circle;  or  at  least  that  the  earth  does  not  occupy  the 
centre. 

Let  ADBF,  Fig-.  14,  be  the  apparent  orbit  of  the  sun, 
E  the  earth's  place,  A  the  sun's  place  wlien  the  apparent 
diameter  is  least,  B  its  place  when  the  apparent  diameter 
is  greatest,  and  D  its  place  at  some  other  time.  The 
difference  between  the  sun's  longitudes  at  A  and  B,  that 
is  when  the  apparent  diameters  are  least  and  greatest,  is 
found  to  be  180^  It  follows  therefore  that  EA  and  EB 
must  form  one  straight  line  AB..  If  AB  be  bisected  in  C, 
then  AC  =  i  AB  =  i  (AE  +  EB). 

The  angle  AED  =  sun's  long,  at  D  —  sun's  long,  at  A. 

20.  The  apparent  orbit  of  the  sun  is  an  ellipse,  having 
the  earth  in  one  focus.  This  fact  was  discovered  by 
Kepler,  and  it  is  called  KepUr^s  first  Law.  It  is  deduced 
from  investigations,  founded  on  the  observed  apparent 
diameter  of  the  sun  at  different  longitudes. 

Put  )  s  sod's  appareDt  diameter  at  A, 
*'  =  do.  B, 

r  =  do.  D, 
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M  =  j  (1"  +  ))  a  ran'i  mean  apparent  dmraeter, 
and  n=i  (y  —  i). 

From  the  sun's  longitude  and  apparent  diameter,  as  obtained  at  differ- 
ent times  in  the  year,  it  is  found  by  observation  that  whatever  be  the  situa- 
tion of  D,  we  have  y'  =  m  —  n  cos  AED.  ^ 
Bat  (13)  AE  :  EB  :  :  y  :  a, 

AE  :  AE  +  EB  : :  y  ;  y  +  J, 

AE  ;  4  (AE  -fEB)  : :  y  :  i  (»'  +  a), 

AE  :  AC  ::  ^^  m^^.r. 
AE 

Again,  AE  :  EB  : :  i'  :  i, 

AE  +  EB  :  AE  — EB  : :  ^  +  a  :  y— J, 

2  AC  :  2  EC  :  :  i  (^  +  *)  •  i  (^  — ^)i 

Af^     T^r>  KC  EC  AC^      EC^ 

orAC:EC::^:««^«=^.— y._y. 

Hence  substituting  the  values  of  m  and  n,  in  ni'-^n  cos  AED>  we 
have, 

EB 
But  (13)  r  =  ^  y  ;  therefore, 

AC^      EC.,         .„_       EB  ., 

ae^-ae'^^^^'^-ed*' 

AC       EC         .__       EB 
^-^  cos  AED -^, 

ED-  (AC  — EC  cos  AED) »  AE.  EB  «  (AC  +  EC).  (AC—  EC)  « 

AC>  — EC«, 

AC»— EC 
or  u-i^  «  ^^  _  £^  ^^g  ^gp- 

But  (Conic  Sections*)  the  last  equation  expresses  a  property  ct  an 
eflipset  of  which  AB  is  the  transverse  axis,  C  the  centre,  and  E  one  of 
the  foci. 

21.  The  point  which  is  the  sun^s  place,  when  most  dis- 
tant from  the  earth,  is  called  the  Jlpogee ;  and  the  point 
which  is  its  place  when  nearest  the  earth,  is  called  the 
Perigee.  Those  points  are  also  called  jSpsides;  the  most 
distant  being  called  the  Higher  Jlpsis^  and  the  nearest,  the 
Lower  Apsis.  The  transverse  axis,  which  joins  the  apsides, 
is  called  the  Line  of  the  Apsides. 

*  The  propositioii  here  referred  to,  thoagh  an  Important  one,  it  omitted  in  aeveral  of 
oar  treatiaea  on  Conic  Sectiona.  It  ia  therefore  demonatrated  in  the  Appendix,  article  51, 
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22.  The  distance  between  the  centre  of  the  earth  and . 
the  centre  of  the  sun^s  apparent  orbit,  is  called  the  Eccen- 
tricity of  the  orbit. 

23.  Astronomers  usually  call  the  mean  distance  of  the 
earth  from  the  sun,  a  unit  or  1^  and  express  other  distances 
in  conformity  with  this  assumption. 

24.  Considering  the  earth's  mean  distance  from  the  sun 
equal  1,  the  eccentricity  of  the  sun's  apparent  orbit  is 
.0168  nearly. 

Put  AC  »  1,  and  e  a  EC  »  the  eccentricity  ;  then  (20), 
EC  e 

It  ae  -j-^  ffl  BS  Y  fn  ^  etHf 

or  e  SB  -asB  ,^^^,,  ^-  =  ,0168  nearly. 
m      1922".36  ^ 

25.  Let  ADBP,  Fig.  1 5,  be  the  sun's  apparent  orbit, 
E  the  place  of  the  earth,  D  the  sun's  place  at  any  time, 
and  A  and  B  the  apogee  and  perigee.  Then  by  the  appa- 
rent motion  of  the  sun,  the  radius  vector  ED,  moves  about 
E  in  such  a  manner  that  the  area  of  the  sector  AED, 
increases  uniformly  with  the  time.  This  fact,  discovered 
by  Kepler,  is  usually  expressed  by  saying,  the  Radius  Vector 
describes  equal  Areas  in  equal  Times.  It  is  called.  Kepler^s 
Second  Law. 

If  the  circle  A6B  be  described  on  the  transverse  axis  AB,  and  HDO 

be  drawn  perpendicular  to  AB,  tben  (Conic  Sections*), 

AC*  —  FG* 

-r^^ po  Ai^n^ED  «  AC  — EC  cosBCG  «  AC  +  EC  cos 

AC  —  EC  cos  AED 

ACG; 

hence,  EC  cos  ACG  «  — AC»  —  EC AC  « 

AC.  EC  COS  AED  — EC 

AC  — EC  cos  AED     ' 

.^^       AC  cos  AED  — EC        cos  AED  — e  ,^. 

or  cos  ACG  -  ______  «  ^  _  ^  ^^  ^^^^  (A). 

Now  the  area  of  ECG  «  i  EC.  CG  sin  ACG  =  i  c  sin  ACG, 
area  of  ACG  »  AC.  i  arc  AG  a  i  arc  AG, 
area  of  AEG  »  i  (e  sin  ACG  +  arc  AG)  (B). 

•  See  Appendix,  article  52. 
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Hence  the  area  AEDA  =  -r-r^.  AEG  »  ^-A— L  (e  sin  ACG+arc 

AG)  (C). 

The  ecceDtricity  e  being  known  (24),  and  also  the  angle  AED,  from 
the  son's  longitudes  at  A  and  D  (19),  the  angle  ACG  or  arc  AG  becomes 
known  (A) ;  and  thence  (C)  the  area  of  the  elliptical  sector  AEDA.  The 
area  of  tbe  sector  AEDA,  tlius  obtained  at  different  times  in  the  year,  is 
found  to  increase  uniformly  with  the  time. 

26.  If  we  suppose  the  sun  to  be  situated  at  £,  and  the 
earth  to  revolve  round  it  in  tbe  orbit  ADBP,  and  if  we 
admit  the  distances  of  the  fixed  stars  to  be  so  great  that 
straight  lines'^  conceived  to  be  drawn  from  the  points  E 
and  A  to  meet  at  any  one  of  them,  will  not  contain  an 
appreciable  angle,  or  which  amounts  to  the  same  thing, 
that  these  lines  may  be  considered  as  sensibly  parallel ; 
then  the  sun  will  appear  to  move  exactly  in  the  same 
manner  as  on  the  supposition  that  it  is  really  in  motion 
about  the  earth  at  rest  at  £• 

Let  us  suppose  some  one  of  the  fixed  stars  to  coincide 
with  the  vernal  equinox,  and  let  EQ  and  TAQ',  be  two 
straight  lines  which  being  produced  would  meet  at  this 
star.  Then  on  the  supposition  that  the  earth  is  at  rest  at 
E,  QEA  is  the  sun^s  longitude  at  A,  and  QED  is  its  longi- 
tude at  D.  Therefore  AED  =  QED  —  QE A,  is  the  difibr- 
ence  of  their  longitudes  at  A  and  D. 

On  the  supposition  that  the  sun  is  at  rest  at  £,  and  con- 
sidering EQ  and  TQ'  as  parallel,  its  longitude  when  the 
earth  is  at  A,  is  180^  +  EAT  =  180°  +  QEA.  In  like 
manner  its  longitude,  when  the  earth  is  at  D,  is  1  SO""  + 
QED.  But  180^  +  QED— (180°+QEA)=QED  — QEA 
=  AED.  The  difierence  of  its  longitudes,  and  conse- 
quently its  apparent  motion,  is  therefore  the  same  on  the 
two  suppositions. 

But  when  we  consider  that  the  sun^s  diameter  is  more 
than  a  hundred  times  the  diameter  of  the  earth  (15),  and 
consequently  its  magnitude  more  than  a  million  times  the 
magnitude  of  the  earth,  it  seems  far  more  reasonable  to 
suppose  that  tbe  sun's  apparent  motion  is  produced  by  a 
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real  motion  of  the -earth,  than  to  retain  the  contrary  sup- 
position. 

27.  The  apparent  diurnal  motion  of  the  heavenly  bodies 
from  east  to  west  may  likewise  be  accounted  for,  by  ad- 
mitting the  earth  to  have  a  diurnal  motion  on  its  axis  in  a 
contrary  direction,  that  is  from  west  to  east.  And  it  is  cer- 
tainly more  reasonable  to  suppose  this  diurnal  motion  of 
the  earth,  than  to  suppose  that  all  the  heavenly  bodies, 
situated  at  various  and  immensely  great  distances,  should 
have  motions  so  adjusted  as  that  all  should  revolve  round 
the  earth  in  the  same  length  of  time. 

Various  astronomical  phenomena  serve  to  prove  that 
the  earth  really  has  these  two  motions ;  that  is,  an  annual 
motion  round  the  sun,  and  a  diurnal  motion  on  its  axis. 

During  the  annual  motion,  the  earth*s  axis  continue 
parallel  to  itself;  or  in  other  words,  if  we  suppose  a  right 
line  to  remain  fixed  in  the  position  which  the  earth's  axis 
has  in  one  part  of  the  orbit,  the  axis  continues  during  the 
whole  annual  revolution  nearly  parallel  to  that  line. 

As  the  earth's  axis  is  perpendicular  to  the  plane  of  the 
equator,  the  angle  contained  between  it  and  a  right  line 
passing  through  the  centre  of  the  earth  perpendicular  to 
the  ecliptic,  must  be  equal  to  the  angle  contained  by  these 
planes,  that  is  to  the  obliquity  of  the  ecliptic.  The  line 
perpendicular  to  the  plane  of  the  ecliptic  is  called  the 
^xis  of  the  Ecliptic. 

28.  Although  the  particular  consideration  of  the  planets 
is  referred  to  a  succeeding  part  of  the  work,  it  may  be  here 
observed  that  all  of  them,  including  the  earth  as  one, 
revolve  round  the  sun,  from  west  to  east^  at  different  dis- 
tances and  in  different  times ;  and  that  the  moon  revolves 
round  the  earth  and  with  it  round  the  sun.  This  system 
of  the  sun  and  planets  is  called  the  Copemican  System^  from 
its  inventor  Copernicus. 

The  order  of  the  planets  with  respect  to  their  distances 
from  the  sun,  is  Mercury,  Venus,  the  Earth,  Mars,  Vesta, 
Juno,  Ceres,  Pallas,  Jupiter,  Saturn  and  Uranus. 

29.  The  same  reasoning  that  has  been  used  to  prove 
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that  the  sun^s  apparent  orbit  is  an  ellipse,  and  that  the 
radius  vector  describes  equal  areas  in  equal  times,  applies, 
when  we  suppose  the  sun  at  rest,  to  prove  that  the  earth's 
orbit  is  an  ellipse,  having  the  sun  in  one  focus,  and  that 
its  radius  vector  describes  equal  areas  in  equal  times. 

Kepler,  extending  his  researches,  found  that  the  orbits 
of  the  planets  are  ellipses,  and  that  the  radius  vector  of 
each  describes  equal  areas  in  equal  times. 

30.  Another  important  law,  discovered  by  Kepler,  is, 
that  the  square  of  the  time  in  which  any  planet  revolves 
round  the  sun,  is  to  the  square  of  the  time  in  which  another 
planet  does  the  same,  as  the  cube  of  the  mean  distance  of 
the  former,  from  the  sun,  is  to  the  cube  of  the  mean  dis- 
tance of  the  latter.  This  relation  is  usually  expressed 
by  saying  the  Squares  of  the  times  of  revolution  of  the  Planets 
are  as  the  Cubes  of  their  mean  distances  from  the  Sun.  It  is 
called  Kepler's  Third  Law. 

31.  Although  astronomers  have  completely  established 
the  fact  of  the  earth's  annual  and  diurnal  motions,  yet,  with 
a  view  to  convenience  of  expression,  they  still  frequently 
speak  of  the  sun's  orbit  and  of  the  motion  of  the  sun. 

32.  The  point  in  the  earth's  or  a  planet's  orbit,  which 
is  the  most  distant  from  the.  sun,  is  called  the  jiphelion  ; 
and  the  nearest  point  is  called  the  Perihelion.  The  terms 
apogee  and  perigee  are  only  used  to  express  the  greatest 
and  least  distances  from  the  earth. 

33.  Let  D  and  F,  Fig.  14,  be  two  situations  of  the  sun 
in  its  apparent  orbit,  at  which  its  apparent  diameter  is  the 
same.  Then  ED  =  EF,  and  consequently  the  angle  AED 
=  AEF.  Hence  from  the  longitudes  of  the  sun  at  F  and 
D,  the  longitude  of  A,  the  apogee,  becomes  known.  The 
following  is  however  a  more  accurate  method  of  deter- 
mining the  place  of  the  apogee. 

The  transverse  axis  AB  divides  the  ellipse  into  two 
equal  parts.  The  sun  will  therefore  be  as  long  in  moving 
from  A  to  B  as  from  B  to  A  (25).  Hence  it  will  be  half 
a  year  in  moving  from  A  to  B,  and  in  this  time  it  will 
change  its  longitude  180°.    This  will  not  be  the  case  for 
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any  other  points  in  the  orbit,  because  no  other  right  line, 
passing  through  E,  divides  the  ellipse  into  equal  parts. 
If  therefore  two  longitudes  of  the  sun  be  observed  at  the 
interval  of  half  a  year,  and  such  that  their  difference  is 
180%  the  position  of  the  line  of  the  apsides  becomes 
known. 

We  have  supposed  the  position  of  tlie  line  of  the  apsides 
to  remain  fixed.  But  observations  made  at  long  intervals 
of  time,  prove  that  it  has  a  slow  motion  in  the  order  of 
the  signs.  Astronomers  therefore  modify  the  preceding 
methods  of  determining  the  position  of  the  apsides,  so  as 
to  take  notice  of  this  motion,  which  however  only  amounts 
to  a  few  seconds  in  a  year. 

34.  According  to  Bessel,  the  longitude  of  the  apogee  at 
the  beginning  of  the  year  1800,  was  3*.  9^  30'  8",  and  its 
yearly  increase  of  longitude  is  6r'.52. 

35.  If  we  reduce  3^.  9°  30'  8"  to  seconds,  and  divide  the 
result  by  6r'.52,  the  quotient  is  5823.  Hence  it  appears 
that  about  5823  years  anterior  to  the  year  1800,  that  is,  a 
little  more  than  four  thousand  years  anterior  to  the  Chris- 
tian era,  the  longitude  of  the  apogee  was  nothing,  and 
consequently,  ihe  line  of  the  apsides  coincided  with  the  tine  of 
the  equinoxes.  It  is  worthy  of  remark,  that  this  is  about 
the  period  on  which  chronologists  fix,  as  the  time  of  the 
creation  of  the  world. 

36.  If  from  6r'.5,  the  annual  motion  of  the  apogee  from 
the  equinox,  we  subtract  50''.2,  the  annual  precession  of 
the  equinoxes,  the  remainder,  which  is  1 1".3,  is  the  mean 
annual  motion  of  the  apogee. 

37.  The  time  between  two  consecutive  returns  of  the 
sun  to  the  apogee,  is  called  an  JlnomaUstic  Year. 

As  359°  59'  9".8  :  360°  0'  I  r'3. : :  365d.  5h.  48m.  48sec. 
:  365d.  6h.  13m.  46sec.=.the  length  of  the  anomalistic 
year,  expressed  in  mean  solar  time.  The  anomalistic 
year,  therefore,  exceeds  the  tropical,  by  24m.  58sec. 

As  365d.  6h.  13m.  46sec.  :  1  day  ::  360^  :  59'  8".16= 
sun^s  mean  motion  from  the  apogee  during  a  mean  loiar 
day. 
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38.  At  the  time  that  the  true  place  of  the  sun  is  at  D, 
Fig.  15,  let  F  be  the  place  at  which  it  would  have  been,  if 
it  had  moved  from  the  apogee  with  its  mean  angular  mo- 
tion of  59'  8".16aday. 

39.  The  angle,  contained  between  the  line  of  the  apsides 
and  the  radius  vector,  is  called  the  True  Anomaly.  Thus 
AED  is  the  true  anomaly.* 

40.  The  angle,  contained  between  the  line  of  the  apsides 
and  the -straight  line  from  the  earth  to  the  mean  place  of 
the  sun,  is  called  the  Mean  Anomaly.  Thus  AEF  is  the 
mean  anomaly. 

The  angle  ACG  is  called  the  Eccentric  Anomaly. 

41.  The  angle,  which  is  the  difference  between  the  mean 
and  true  anomalies,  is  called  the  Equation  of  the  Centre. 

42.  The  equatioD  of  the  centre  DEF,  expresses  the 
difference  between  the  mean  longitude  QEF  and  the  true 
longitude  QED.  The  mean  longitude  and  mean  anomaly 
increase  uniformly  with  the  time.  They  may,  therefore, 
be  easily  determined  for  any  particular  point  of  time. 
Then,  if  the  equation  of  the  centre,  corresponding  to  the 
mean  anomaly,  be  known,  the  true  longitude  becomes  also 
known. 

43.  The  problem  for  determining  the  true  anomaly  from 
the  mean,  and  which  therefore  determines  the  equation 
of  the  centre,  is  called  Kepler* s  Problem.  It  is  a  problem 
of  great  importance,  and  has  been  solved  in  various  ways. 
The  following  method  combines  simplicity  with  a  requisite 
degree  of  accuracy. 

Lei  CL  be  drawn  parallel  to  £F,  LO  parallel  to  GC,  and  EiM  perpen- 
dicular to  GC  produced.     Pat, 

T  a  time  of  describing  the  whole  ellipse. 
t  =s  time  of  describing  AD, 
e  »  EC,  AC  being  »  1, 
u  sa  ang.  AED  » true  anomaly, 
z  «a  arc  AG  »  ang.  ACG  b  eccentric  anomaly, 

»  This  is  the  anomaly  reckoned  from  the  apogee.  Astronomeni  frequently  reckon 
the  anomaly  from  the  perigee.  The  anomaly  of  the  sun  at  D,  reckoned  from  the 
iMrigee,  would  be  180^  4.  ang.  AED. 

9 
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z  Bs  arc  AL  »  ang.  ACL  a  ang.  AEF  s  mean  anomaly, 
M  =  area  of  the  circle  AGB, 
N  ss  area  of  the  ellipse  ADBP, 
p  s=s  6.28318  dsc.  =  circumference  of  the  circle. 
Then  M  =  AC  ^  arc  AGB  «1  xip«ip. 

Now  (Conic  Sections) 

M  :  N  : :  AC  :  CR  : :  AEGA  :  AEDA, 

M  :  AEGA  ; :  N  :  AEDA  : :  T  :  I  : :  360°  :  ang.  AEF  ::p:z; 

M  ip 

hence  AEGA  =  —.  ««=—£-.  z  =  i  x. 

V  V 

But  (25.B)  AEGA  «  i  (e  sin  x  +  ar). 
Therefore  «==«  +  «  sin  ar.  (D). 

cos  tt  ■   g 

Again  (26. A)  cos  x  a , 

*       ^         '  1  —  0  cos  tt 

cos  a;  —  e  cos  11  cos  «  a  cos  u  —  «, 

poA  «  +  6  cos  tt  cos  a;  cs  6  +  cos  a;, 

C  +  COS   aJ  ,ry\ 

COSU«i7--f .  (E). 

1  +  6  COS  a?  ^   ' 

The  last  formula  may  be  converted  into  another  that  will  be  more  con- 
venient for  logarithmic  computation.     We  have  (App.  12), 

c  +  cos  a? 

1  —  cos  «                  1  +  e  cos  X 
tan"iii=aT— ; =«     ; 

1  +  COS  tt  14.*+  ^°^  * 


1+  ecosx 


1  "h  e  COS  ag— g —  cos  x 

1+6  cos  X  +  C  +  COS  X 

(1 — g)  —  (1  — e)  cos  a?       1  — e      1 — cos  a?      1  — g       ,  , 
***  (I  +e)  +  (l  +  «)  cos  X       1  -f  «*    1  +  cos  a;      1  +  « 

1  — c 
Hence  tan  i  u  s=  tan  i  x  v^  ■.  (F). 

1  -f-  6 

We  have  now  an  expression  for  the  true  anomaly  in  terms  of  the  eccen- 
tric, and  (D)  an  equation  showing  a  relation  between  the  mean  and  eccen- 
tric anomalies.  But  in  consequence  of  the  latter  containing  both  x  and 
sin  X,  we  cannot,  in  a  direct  manner,  obtain  the  eccentric  from  the  mean 
anomaly.  There  are  however  various  methods  of  approximation  which 
give  its  value  lo  any  required  degree  of  accuracy. 

44.  We  have  by  trigonometry, 

EM  =  EC  sin  ECM  i-  EG  sin  ACG  »  e  sin  x; 
bat  (43.D)  e  sin  X  s  « — x  »  arc  AL  —  arc  AG  ■■  are  LG.    Therefore 
EM  n  arc  LG. 

Because  OL  is  parallel  to  MG,  and  EM  is  perpendicular  to  it,  OM  a 
sio  LG.  The  difference  between  EM  and  OM  is  therefore  equal  to  the 
difference  between  the  arch  LG  and  its  sine  ;  and  in  all  cases  for  the  sun 
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tod  planets,  this  diflerence  is  small,  as  may  be  thus  shown.  Since  LG .» 
e  sin  x,  it  is  erident  that  L6  will  be  greatest  when  x  s  90°,  and  then  we 
have  LG  =s  e  sin  90^  «  e.  But  for  the  sun's  apparent  orbit  e  a  .0168 
nearly  (24)  ;  therefore  LG  =«  .0168  =  0°  67'J.  The  value  of  e  for  the 
most  eccentric  orbit  of  the  planets  is  about  .254,  the  m^n  distance  from 
the  SDH  being  expressed  by  1.  Consequently  LG  when  greatest  is 
about  W^. 

The  difference  between  an  arc  of  \A^\  and  its  sine,  is  but  little,  and  for 
an  arc  of  57'|  it  is  much  less.  It  follows  therefore  that  in  all  cases,  OAl 
is  nearly  equal  to  the  arc  LG  or  its  equal,  the  right  line  EM.  Conse* 
qoently,  because  OL  is  parallel  to  CG,  EL  is  nearly  parallel  to  it,  and  the 
angle  AEL  is  nearly  equal  to  the  eccentric  anomaly  ACG. 

Now  %  =  ACL  «  CEL  +  CLE. 
Put0  =  CEL  — CLE, 
w  «  CEL, 
^  y«:  ACG  — CEL«a:  — w. 

Then  a5  =  to  +  y. 
By  trigonometry, 
CL  +  EC  :  CL  — EC  : :  tan  i  (CEL  +  CLE)  :  tan  i  (CEL  —  CLE), 
or  1  +  e  :  1  — e  : :  Ian  i  «  :  tan  i  0. 

\ ^ 

Therefore  tan  i  0  »  -—-   tan  i  *. 

to=CEL  =  i2  +  i  0. 

Now  (43.  D)  and  (App.  13), 

s  a X  +  e  sin  »  a«to  +  y  +  e  sin  (w  +  y)  sa  w  +  y  +  e  sin  10  cos  y  +  e 

006 10  sin  y. 

But  because  y  is  very  small  we  may  take  cos  y  s^  1  and  sin  y  =  y- 

Then  z  ssto+y+e  sin  w+e  y  cos  w* 

y+e  y  cos  »=■«  —  (to+c  sin  tp), 

z — (w  +  e  sin  w) 

1  +  c  cos  tP       ' 

and  or  «8S:  tp  +  y,  becomes  then  known. 

If  greater  accuracy  is  required,  put  w  +  y=x\  and  y'  ^Z"^. 

Then  reasoning  as  above  we  have, 

-      % — (x'  +  esinx') 

1  +  €  cos  a/ 

and  a:  =  x'  +  y'. 

The  last  formula  is  not  necessary  except  very  great  accuracy  is  required. 

The  value  of  x  s  w  +  y,  is  not  liable  to  a  greater  error  than  ^o{  ^ 

second  for  the  most  eccentric  orbit  of  the  planets.    For  the  sun,  the  error 

cannot  amount  to  more  than  about  yV  of  a  second  if  we  take  x  a  10. 

When  the  value  of  x  is  found,  we  obtain  the  true  anomaly  from  the 

expression 

,        .  1  — « 
tan  i  tisstan  \x  ^- 


1  -h€ 
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45.  Some  astronomers  have  proposed  that  the  anomaly  should  always 
be  reckoned  from  the  perigee,  because  it  is  necessary  to  do  so  for  the 
orbits  of  comets. 

If  180^  be  added  to  the  mean  anomaly,  reckoned  from  the  perigee, 
rejecting  360°  when  the  sum  exceeds  it,  the  result  will  be  the  mean 
anomaly  reckoned  from  the  apogee.  Then  the  true  anomaly  from  the 
apogee  may  be  found  by  the  preceding  formul®.  The  difference  between 
these  will  be  the  equation  of  the  centre. 

EXAMPLE  I. 

Given  the  sun's  mean  anomaly  fnim  the  perigee  8«.  25°  or  from  the 
apogee  Zs.  26°,  and  the  eccentricity  of  the  orbit  .016774 ;  required  the 
equation  of  the  centre. 

Here  z  «  Zs.  25°  »  85°, 
and  e  »  .016774.  % 

Log.  (l~e)     .983226  ....         9.9926533 

log.     (1+e)  1.016774  ....         0.0072244 


tan  i  « 
tanie 

10  = 

4    «  =  4lD-: 

T      A— « 

log.  -•  ■ 
tan  i« 

tanitt 

«  = 

SOS 


42°  80; 

41  32  38".6 
84     2  38.6 

42  1   19.3 


l+e 


42°  r  19".3 

41°  82'  40" 

83     6     20 
85    0      0 


9.9854289 
9.9620525 

9.9474814 


9.9854289 


9.9927144 
9.9547732 

9.9474876 


«— '«BB  —      1     64  40bs  equation  of  sun's  centre. 


EXAMPLE  n. 


Given  Mercury's  mean  anomaly  from  the  aphelion  U.  28°,  and  the 
ecoentricity  of  its  orbit  .205513 ;  required  the  equation  of  the  centre. 
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s » 58'' nod  6  ». 20661 3. 
Log.  (I— «)  -  .794487  -         -         9.9000868 

log.    (l-fc)  -         1.206513  .         -         0.0811719 

W.  '~g  9.8189149 

^    1  +e 

tan  i  a     -  -         -         29°  0'  0"         -         -  9.7437520 

tanid     -  -         -         20    4   4.7        .         -  9.6626669 


w»         .         .  -         49    4   4.7 

Log. «»     ,206613 9.3128393 

"log-  206264".8 6.3144261 

an  w        49°  4'  4".7  ......  9.8782272 


€  Bin  ID  =  32026".2  «    8°  63' 46".2       ....         4.6064916 
«»     -         ...       49      4     4.7 


»  +  e  sin  10  s       .         67  67  49.9 
sas      -         -         -         68     0     0 


,-_(»-|-^sintp)  0     2  10.1  «130f'.l 

log.  e=         .206613  ...---         9.3128393 

COB  10  49°4'4".7 9.8163496 


etoew       '       .1346 9.1291888 


]  +  «  COB  w  1.1346 

«  =a  tp  +  y  «  49°  4'  4".7  +  1'  54".7  a  49°  6'  69^.4 

loe.     iHf 9.8189149 

^       1  +  e 

]og.y/lzZl       ........        9.9094674 

tania;    -     24°32'69".7 9.6591638 

taoiu    -    20  20  44.9  ^'       / 


«  Bs        .       40  41  29.8 
SB        .       68     0    0 


«— .«  sa  —  1>  18  30.2  aa  equation  of  the  centre. 

46.  When  the  eccentricity  of  the  orbit  is  known,  the 
true  radius  vector,  corresponding  to  any  given  mean 
anomaly,  may  thence  be  determined. 
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Put  r  a  ED  a=  the  radius  vector  ;  then  because  (25), 
ED  =  AC  +  EC  cos  ACG,  we  have, 
rsssl+e  cos  X, 
Hence,  having  computed  the  eccentric  anomaly,  corresponding  to  the 
given  mean  anomaly,  we  easily  obtain  the  value  of  the  radius  vector. 

•  47.  If  we  divide  360°  by  the  number  of  hours  in  the  time 
of  revolution,  of  the  sun  or  a  planet,  in  its  orbit,  the  result 
virill  be  the  mean  hourly  ^notion.  If  H  be  the  mean  hourly 
motion,  H'  the  true  hourly  motion,  e  the  eccentricity  of 
the  orbit,  and  r  the  radius  vector,  then  we  have  for  the 
true  hourly  motion,  the  following  expression, 

Let  a  and  b  be  the  places  of  the  body,  half  an  hour  before  and  after  it 
is  at  P.  Then  will  the  angle  aE&,  be  its  true  hourly  motion  in  this  part 
of  its  orbit.  With  the  centre  E  and  radius  EP  describe  the  arc  ed. 
Then  since  the  angle  oEb  is  very  small,  we  may  consider  the  elliptical 
sector  aEbot  as  equal  to  the  circular  sector  cEdc, 

Now  the  circumference  of  the  circle  of  which  EP  is  radius,  is  equal 
EP.  p^srp;  and  consequently  the  area  of  the  same  circle  is  «  r.  \rp 
« \f^p.    Then, 

360°  2  H'  ::  ir»|i  :  cEifc, 

Again  (43)  360°  :  H  : :  T  :   1   : :  N  :  ahEa  : :  N  :  cEdc. 

orH'  =  H.2^1iL:::f!>. 


48.  Because  H  and  y/  (1  — c»)  are  constant  quantities, 
it  follows  that  the  true  motion  of  a  body^  in  an  elHptical  orbit^ 
varies  inversely  as  the  square  of  the  radius  vector.  Hence  it 
continually  increases  from  the  apogee,  where  it  is  leastj  to 
the  perigee,  where  it  is  greatest;  and  thence  continually 
decreases  to  the  apogee. 

49.  As  the  mean  and  true  places  of  the  body  coincide 
_at  the  apogee  and  perigee,  and  as  near  the  apogee  the 
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trae  motion  is  less  than  the  mean  motion,  the  mean  place 
will  be  in  advance  of  the  true  place,  from  the  apogee  to 
the  perigee.  From  the  perigee  to  the  apogee,  the  true 
place  will  be  in  advance  of  the  mean  place.  It  is  there- 
fore evident^  that  the  equation  of  the  centre,  which  is  the 
difference  between  the  mean  and  true  places,  and  which 
at  the  apogee  is  nothing,  must  continually  increase,  till 
the  true  motion  becomes  equal  to  the  mean,  when  the 
equation  will  be  greatest;  and  thence  it  will  decrease  to 
the  perigee,  where  it  again  becomes  nothing.  In  like 
manner,  the  equation  of  the  centre  increases  from  the 
perigee,  till  the  true  motion,  which  is  then  diminishing, 
becomes  equal  to  the  mean.  It  is  then  greatest ;  and  after- 
wards decreases  till  it  becomes  nothing,  at  the  apogee. 

The  parts  of  the  orbit  on  each  side  of  the  line  of  the 
apsides,  being  symmetrical,  the  greatest  equation  on  one 
side  will  be  equal  to  the  greatest  equation  on  the  other 
side. 

The  sun's  true  longitude  may  be  obtained  each  day  from 
its  observed  right  ascension  (6.18).  The  difference  be- 
tween its  longitudes  on  any  two  consecutive  days  will  be 
its  true  diurnal  motion  at  that  time.  Hence  we  may,  by 
repeated  observations,  find  the  time  when  the  true  diurnal 
motion  is  equal  to  the  mean.  Knowing  then  the  mean  and 
true  longitudes,  when  this  takes  place  in  opposite  parts  of 
the  orbit,  we  may  obtain  from  thence  the  greatest  equa- 
tion of  the  centre. 

Let  A  =  the  mean  longitude,  and  B  =  the  true  longi- 
tude, at  the  time  the  motions  are  equal  between  the  apogee 
and  perigee ;  A'  =  the  mean  longitude,  and  B'  b=  the  true 
longitude,  when  the  motions  are  equal  between  the  perigee 
and  apogee;  and  V  =  the  greatest  equation  of  the  centre. 
Then, 

B  =  A  — V, 
B'  =  A  +  V. 
Hence  B— B  =  A'  --  A  +  2  V, 

2V  =  {B'  — B)  — (A  — A), 
V  =  4(B'  — B)  — i(A  — A). 
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At  the  time  of  the  greatest  equation,  the  sun's  true 
motion  continues  very  nearly  the  same  for  two  or  three 
days.  Consequently  the  equation  of  the  centre  will  remain 
very  nearly  the  same  during  this  time.  The  value  of  the 
greatest  equation  may  therefore  be  determined  with  great 
accuracy  by  this  method,  without  the  necessity  of  knowing 
very  precisely  the  time  at  which  the  true  motion  is  equal 
to  the  mean, 

50.  In  a  preceding  article,  a  method  has  been  given  of 
obtaining  the  eccentricity  from  the  greatest  and  least 
apparent  diameters.  It  may  however  be  obtained  much 
more  accurately  from  the  greatest  equation.     Put 

jT  _  number  of  seconds  in  V 
"~  206264".8 

Then,  it  is  found  by  means  of  an  analytical  investiga- 
tion, which  wc  shall  omit,  that 

c  =  jK  — II  K»  — -^5Z_  K*  — &c. 
768  983040 

51.  By  a  comparison  of  observations  made  at  distant 
periods,  it  has  been  discovered  that  the  equation  of  the 
sun's  centre,  and  consequently  the  eccentricity  of  the 
orbit,  are  at  the  present  period  continually  diminishing. 
The  rate  of  diminution  in  the  greatest  equation  is  about 
18"  in  a  century.  It  follows,  therefore,  that  the  equa- 
tion of  the  centre,  as  computed  for  a  given  time,  will  not 
be  accurately  true  for  a  different  time.  It  will,  however, 
err  but  little  for  a  few  years,  before  and  after  the  time,  for 
which  it  is  computed.  A  complete  table  of  the  equation 
of  the  sun's  centre,  has  a  column  containing  the  variation 
of  the  equation  in  a  century,  called  the  Secular  variation, 
by  means  of  which  the  correct  equation  may  be  obtained 
for  different  periods. 

52.  The  force  which  causes  heavy  bodies,  when  left  at 
liberty  near  the  surface  of  the  earth,  to  fall  to- it,  is  called 
the  Attraction  of  Gravitation.    Newton  was  led  by  reasoning 
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which  appertains  to  physical  astronomy,  to  ado{)t  as  a 
principle,  that  this  attractiod,  decreasing  inversely  as  the 
square  of  the  distance  from  the  earth's  centre,  extends  to 
the  moon,  and  retains  it  in  an  elliptical  orbit  about  the 
earth;  that  the  sun,  moon,  and  planets,  are  endued  with 
like  attractive  forces,  which  vary  according  to  the  same 
law ;  and  that  it  is  the  sun's  attraction  which  retains  the 
earth  and  planets  in  their  orbits.  This  general  principle 
of  attraction  is  called  JS'ewtorCs  Theory  of  Universal  Gravita- 
tion. A  combination  of  various  discoveries  which  hdve 
been  made  in  astronomy  since  the  time  of  Newton,  has 
served  completely  to  establish  the  truth  of  his  theory. 

53.  If  the  earth  was  acted  on  by  no  other  force  than  the 
attraction  of  the  sun,  its  orbit  would  be  accurately  an 
elUpse,  and  the  areas  described  by  its  radius  vector  in 
equal  times,  would  be  precisely  equal.  Its  true  longitude 
would  therefore  be  accurately  expressed  by  its  mean  lon- 
gitude, corrected  by  the  equation  of  the  centre.  But  the 
attractions  of  the  moon  and  planets  extend  to  the  earth, 
and  some  of  them  produce  sensible,  though  slight  effects 
on  its  motion.  By  the  aid  of  very  refined  analytical  inves- 
tigations, the  means  have  been  obtained  of  calculating 
these  effects,  which  are  called  Perturbations.  Their  whole 
amount  may  produce  a  change  in  the  sun's  longitude  of 
about  45";  but  in  general  it  is  considerably  less.  Our 
best  solar  tables,  which  are  those  calculated  by  Delambre, 
or  the  more  recent  ones  calculated  by  Carlini,  contain  the 
equations  due  to  the  attractions  of  the  moon  and  planets. 

The  equation  of  the  centre  and  the  amount  of  the  per- 
turbations, applied  to  the  mean  longitude  of  the  sun,  give  . 
its  true  longitude  from  the  mean  equinox  (1). 

54.  The  difference  between  the  mean  place  of  the  equi- 
nox in  the  ecliptic  and  its  true  place,  is  called  the  Equation 
of  the  Equinoxes  in  Longitude^  or  sometimes,  the  Lunar 
Jfutation.  The  greatest  value  of  this  equation  is  about 
18".  A  table,  from  which  its  value  may  be  obtained  for 
any  particular  time,  forn^s  a  part  of  a  complete  set  of  solar 
tables. 

10 
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To  obtain  the  sun^s  true  longitude  from  the  true  equi«» 
Dox,  we  must  correct  the  mean  longitude  by  the  equation 
of  the  centre,  the  amount  of  the  perturbations,  and  the 
equation  of  the  equinoxes  in  longitude. 

55.  From  the  sun's  true  longitude,  we  obtain  its  true 
right  ascension,  by  the  formula  in  the  last  chapter  (6.19). 
Another  method  is  by  means  of  a  table  calculated  for  the 
purpose. 

The  difference  between  the  longitude  and  right  ascen- 
sion, is  called  the  Reduction  of  the  Ecliptic  to  the  Equator. 
Tables  have  been  calculated  which,  for  a  given  obliquity 
of  the  ecliptic,  give  the  reduction  corresponding  to  each 
degree  or  half  degree  of  longitude,  and  also  the  variation 
in  the  reduction  for  a  change  of  1 00"  in  the  obliquity.  With 
such  a  table  the  reduction  corresponding  to  a  given  longi- 
tude is  easily  obtained,  and  being  applied  to  the  longitude, 
it  gives  the  right  ascension. 


CHAPTER  VIII. 

EQUATION    OF    TUfE.-HS<lUINOCTIAL    TIME. BRIGHT    ASCENSIOM 

OF  MID-HEAVEN. 

1.  Solar  days,  being  determined  by  the  apparent  diurnal 
motion  of  the  sun  (7.4),  are  used  for  all  the  common  pur- 
poses of  life.  Astronomers  also  generally  use  solar  time, 
except  in  determining  the  right  ascensions  of  bodies. 

2.  In  common  or  civil  reckoning  the  day  begins  at  mid- 
night, and  is  divided  into  two  portions  of  12  hours  each. 
The  iSrst  12  are  from  midnight  to  noon,  and  are  usually 
designated  by  the  letters  A.  M.*  annexed  to  the  number 
of  the  hour.  The  latter  12,  from  noon  to  midnight,  are 
designated  by  the  letters  P.  M.* 

The  astronomical  day  begins  at  noon  of  the  common 

*  A.  M.  m  the  iniUals  of  Ante  Meridian,  foretioont  and  P.  M«  of  Po$t  Meridian, 
afternoon. 
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day,  and  the  hours  are  reckoned  on  to  24«  Hence,  any 
given  time  from  noon  to  midnight  is  expressed  by  Che  same 
day  and  hour  in  astronomical  and  in  common  reckoning. 
But  to  express  astronomically  a  given  time  from  midnight 
to  noon,  we  must  diminish  the  number  of  the  common  day 
by  a  unit,  and  increase  the  number  of  the  hour  by  12. 

3.  The  angle  contained  between  the  meridian  and  a 
declination  circle  passing  through  the  sun  or  any  one  of 
the  heavenly  bodies  is  called  the  Distance  of  the  body  from 
the  Meridian,  or  the  Hour  Jtngle  of  the  body.  The  inter- 
cepted arc  of  the  equator  is  the  measure  of  this  angle,  and 
therefore  designates  the  distance  of  the  body  from  the 
meridian. 

4.  The  point  of  the  equator  which  is  on  the  meridian  of 
any  place  at  the  same  time  with  the  sun,  will,  by  the  diur- 
nal motion,  be  15^  to  the  west  at  the  end  of  a  sidereal 
hour.  But  on  account  of  the  sun^s  increase  in  right  ascen- 
sion, during  the  time,  its  distance  from  the  meridian  must 
be  less  than  15o.    The  sun  does  not  therefore  move  from 

.  the  meridian  at  the  rate  of  15""  in  a  sidereal  hour. 

But  as  the  interval  from  the  time  the  sun  is  on  the  meri- 
dian to  its  return  to  it  again  is  divided  into  24  solar  hours, 
and  as  the  distance  is  360'',  if  we  suppose  the  right  ascen- 
sion to  increase  uniformly  during  the  day,  the  sun's  diurnal 
motion  from  the  meridian  must  be  at  the  rate  of  Id""  in  a 
solar  hour. 

5.  Since  Ido  of  the  sun's  distance  from  the  meridian 
correspond  to  1  solar  hour,  l""  must  correspond  to  4 
minutes  in  time,  T  to  4  seconds,  and  1"  to  4  thirds.  Hence 
to  convert  the  sun's  distance  from  the  meridian  into  time, 
if  we  multiply  the  distance  in  degrees,  minutes  and  seconds, 
by  4,  the  product  of  the  seconds  will  be  thirds  of  time,  the 
product  of  the  minutes  will  be  seconds,  and  the  product  of 
the  degrees  will  be  minutes.  As  an  example  let  17''  2  r 
36"  be  converted  into  time. 

17^  21'  36" 
4 


1  h.  9m.  26  sec.  24  thirds.  ^        , 
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The  sun's  distance  from  the  meridian  is  sometimes 
called  the  tiimfrom  noon  in  degreesi 

6.  If  the  apparent  annual. motion  of  the  sun  was  in  the 
equator  and  was  uniform  at  the  rate  of  59'  8".33  from  the 
mean  equinox,  in  the  interval  hetween  two  of  its  consecu- 
tivd  passages'  over  the  meridian,  it  is  evident  that  the 
intervals  would  be  mean  solar  days  (7.9  and  4).  But  the 
motion  of  the  sun  is  not  in  the  equator,  and  in  the  ecliptic 
it  is  not  uniform.  There  are,  therefore,  two  causes  of 
inequality  in  mean  solar  days. 

7.  Supposing,  as  in  the  last  article,  the  sun  to  move 
uniformly  in  the  equator  with  its  mean  daily  motion  in 
longitude  from  the  mean  equinox,  the  time  when  it  would, 
in  that  case,  be  on  the  meridian,  is  called  Mean  JVoon. 
And  time  reckoned  from  mean  noon  is  called  Mean  Time. 

The  time  when  the  sun  is  really  on  the  meridian  is  called 
Apparent  JVoon^  And  time  reckoned  from  apparent  noon 
is  called  Apparent  Time. 

The  difference  between  the  apparent  and  mean  time  is 
called  the  Equation  of  Time. 

8.  If  the  sun's  mean  longitude  be  corrected  by  the  equa- 
tion of  the  equinoxes  in  right  ascension,  the  difference  be^ 
tfveen  the  true  right  ascension  and  the  corrected  mean  longitude 
will  be  the  equation  of  time  in  degrees. 

When  the  true  right  ascension  is  greater  thati  the  cor« 
rected  mean  longitude,  the  equation  of  time  must  be  added 
to  apparent  time  to  obtain  mean  time,  and  when  it  is  less<i  the 
equation  must  be  subtracted. 

But  on  the  contrary,  when  mean  time  is  to  be  reduced  to 
apparent  timcj  the  equation  must  be  subtracted,  if  the  true 
right  ascei^ion  is  greater  than  the  corrected  mean  longi- 
tude, and  ftust  be  added  if  it  is  less. 

Let  VQ  Fig.  16,  be  tfae  equator,  VC  tbe  ecliptic,  V  the  veroal  equinox, 
A  its  mean  place  in  the  ecliptic,  S  the  true  place  of  the  sun,  and  AB  and 
SD,  arcs  of  declination  circles.  Then  will  B  be  tbe  mean  place  of  tbe 
vernal  equinox  in  tbe  equator,  YA  be  tbe  equation  of  tbe  equinoxes  in 
longitude,  VB,  in  right  ascension,  VS  the  sun's  true  longitude,  and  YD  its 
true  right  ascension.    Also  let  BL  be  equal  to  the  sun's  mean  longitude 
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[  the  mean  eqoinox,  at  the  time  the  tnie  longiiode  is  VS  or  true  right 
aaceosion  VD«  and  M  be  the  point  of  the  equator  which  is  oo  the  meridian 
at  that  time.     Then  (5  am)  7), 

MD  =s  apparent  time  in  degrees, 
ML  sss  mean  lime, 
and  DL  «■  VD  —  VL  «  equation  of  time. 
Now  (App.  49)  tan  YB  oa  un  VA  cos  V;  or  since  VA  and  cottss* 
quently  YB»  only  amounts  to  a  few  seconds  (7.54), 

VB  «  VA  cos  V  «  VA  cos  23°  28'  »  .917  VA. 
HenceDL  =  VD  — VL  =  VD  — (LB  +  BV)=VD  — (LB+.917VA). 

9.  If  the  equation  of  the  equinoxes  in  right  ascension  be 
omitted,  the  error  in  the  equation  of  time  will  seldom  ex- 
ceed one  second. 

Since  VA  when  greatest  is  only  18"  (7.54),  the  value  of  .917  VA  cannot 
exceed  16".5,  or  1  second  6  thirds,  in  time. 

10.  The  equation  of  time  may  be  further  resolved  into 
its  component  parts.  If  E  be  the  equation  of  the  centre, 
P  the  amount  of  the  perturbations,  q  the  equation  of  the 
equinoxes  in  longitude,  and  R  the  reduction  to  the  equator, 
then. 

Equation  of  time  in  degrees  =  E  -f  R  +  P  +  •OBS.jr. 

Pat 

M  OB  son's  mean  longitude, 
and  tf  ==  obliquity  of  the  ecliptic ; 
then  (8)  9  cos  M  aa  equation  of  equinoxes  in  right  ascension. 
Hence^ 

VL  =x  BL  -f  BV  =  M  +  5  cos  #, 
VS«M  +  E  +  P  +  g  (7.64), 
andVD  =  M  +  E  +  P+«-fR  (T.56)- 
Therefore  DL«VD  —  VL  =  E+P-fR  +  9—9  cos  # 
=  E  +  P  +  R  +  5  (1  —  cos  •) 
«E  +  P  +  R+2^8in*ii»  (App.  8) 
=  E  +  R+P+  •083  5'. 

11.  The  term  E  depends  on  the  8un^s*mean  anomaly, 
and  the  eccentricity  of  the  orbit  (7.43) ;  and  the  sun's  mean 
anomaly  depends  on  its  mean  longitude  and  the  longitude 
of  the  apogee.  Therefore  the  term  E  depends  on  the 
mean  longitude  of  the  sun,  longitude  of  the  apogee,  and 
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the  eccentricity  of  the  orbit  The  latter  two  change  b«t 
little  in  a  year.  Hence  for  a  given  year,  a  change  in  E 
depends  principally  on  the  mean  longitude. 

With  a  given  obliquity  of  the  ecliptic,  the  term  R  depends 
on  the  sun's  true  longitude  (7.55),  and  therefore  principally 
on  the  mean  longitude  and  term  £• 

Consequently  a  change  in  the  value  of  the  sum  of  £  and 
R,  depends  mainly  on  a  change  in  the  sun's  mean  longi- 
tude. A  table  may  therefore  be  formed,  containing  the 
value  of  this  sum  for  each  degree  of  the  mean  longitude. 

Such  tables  have  been  calculated,  having  the  sum  of  E 
and  R  expressed  in  time.  As  they  assume  the  apogee  of 
the  sun's  apparent  orbit  to  be  fixed,  they  are  not  rigorously 
true,  except  for  the  time  for  which  they  are  calculated. 
But  the  greatest  error  to  which  they  are  liable  does  not 
exceed  seven  or  eight  seconds  for  fifty  years.  Sometimes 
a  column  is  annexed  containing  the  secular  variations  in 
the  values;  that  is  the  change  which  each  value  under- 
goes in  100  years. 

12.  The  term  P  must  consist  of  several  parts,  each 
depending  on  the  body  which  produces  the  perturbation. 
The  greatest  value  of  P  is  about  45^'  (7.53),  which  is  three 
seconds,  in  time.  The  greatest  value  of  the  term,  .083^,  is 
about  iV  of  a  second  in  time.  In  calculations  where  great 
accuracy  is  not  required,  these  terms  may  be  omitted,  and 
the  sum  of  E  and  R  be  regarded  as  expressing  the  whole 
equation  of  time. 

13.  Whep  £  and  R  are  equal  and  have  contrary  signs, 
their  sum  is  nothing.  Nearly  at  the  same  time,  as  the 
other  terms  only  amount  to  a  few  seconds,  the  equation 
of  time  must  also  be  nothing.  This  circumstance  takes 
place  four  times  in  the  year.  These  times  are  about  the 
15th  of  April,  15th  of  June,  1st  of  September,  and  24th  of 
December. 

14.  As  the  motions  of  clocks  or  watches  that  are  well 
made  are  uniform,  or  nearly  so,  they  cannot  correspond 
with  the  unequal  motion  of  the  sun.  They  should  there- 
fore, for  the  common  purposes  of  life,  be  regulated  to 
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mean  solar  time.  This  is  oasity  done  by  applying  the 
eqaation  of  time  to  the  observed  time  of  the  sun^s  passage 
over  the  meridian.* 

BCtUlNOCTIAI.  TIME. 

15.  Since  sidereal  time,  mean  solar  time,  and  apparent 
solar  time  are  all  locals  the  commencement  of  the  day  in 
each  being  determined  by  the  passage  of  a  point  of  the 
celestial  equator  or  the  sun's  centre,  over  the  meridian  of  a 
place,  when  either  of  these  is  employed  to  denote  the  time 
at  which  any  phenomenon  occurs,  it  is  necessary  to  name 
not  only  the  kind  of  time  employed,  but  also  the  place  for 
wtnch  it  is  reckoned.  In  order  to  avoid  the  necessity  of 
naming  the  place  and  to  prevent  any  ambiguity  that  may 
sometimes  arise,  it  has  lately  been  proposed  to  introduce 
a  reckoning  of  time  that  is  not  local,  being  the  same  for 
all  parts  of  the  earth.  This  time  is  called  Mean  Equinoc' 
tki  Time.  It  is  reckoned  from  the  instant  at  which  the 
mean  place  of  the  sun^s  centre  coincides  with  the  mean 
place  of  the  vernal  equinox  in  any  year,  and  is  expressed 
in  mean  solar  days  and  parts  of  a  day. 

RIGHT  ASCENSION  OF  THE  HII>*HEAVBN. 

16.  The  arc,  contained  in  the  order  of  the  signs,  between 
the  vernal  equinox  and  the  point  of  the  equator  which  is 
on  the  meridian  at  any  time,  is  called  the  Right  Jiscension. 
of  the  Mid-heaven  at  that  time.  Thus  VM  is  the  right 
ascension  of  the  mid-heaven,  when  the  point  M  is  on  tho 
meridian. 

17.  The  right  ascension  of  the  mid-heaven,  VM,  isj 
equal  to  the  sum  of  VD  and  DM ;  that  is,  to  the  sum  ofthe^ 
true  right  ascension  of  the  sun  and  the  apparent  time  expressed 
in  degrees. 

It  is  also  equal  to  the  sum  of  VB,  BL,  and  LM*;  that  is,. 
to  the  sum  of  the  equation  of  the  equinoxes  in  right  ascension^ 

*  A  simple  method  of  dniviiif  a  meridian  line  that  will  be  snfficientlj  aconrate,  to 
vofolate  a  dock  fot  the  common  pnrpoeeeef  aoeiety,  will  be  ||ri»Mi  in  the  next  chapter. 

* 
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mean  hngiiude  of  the  sun^  and  the  mean  time  expressed  in 
degrees. 

In  either  case,  the  time  is  to  be  reckoned  from  noon  to 
noon;  and  if  the  sura  exceeds  360%  its  excess  above  360" 
is  the  right  ascension  of  the  mid-heaven. 


CHAPTER  IX. 

CIRCUMSTANCES    OF    THE  DIURNAL  MOTION. SUN^S    SPOTS,  AND 

ROTATION  ON  ITS  AXIS. ZODIACAL  LIGHT. 

1.  Let  HZNR,  Fig.  17,  represent  the  meridian  of  a  place, 
Z  the  zenith,  P  the  north  pole,  P*  the  south  pole,  HR  the 
horizon,  EQ  the  equator,  S  the  situation  of  a  body  in  the 
eastern  part  of  the  horizon,  and  PSD  a  declination  circle 
passing  through  the  body. 

2.  If  PS,  the  polar  distance,  does  not  change,  the  body 
rising*  at  S  will  describe  the  arc  SB,  parallel  to  the  equa- 
tor, and  come  to  the  meridian  at  B.  In  descending  from 
the  meridian  to  the  horizon,  it  will  describe  a  similar  and 
equal  arc  in  the  western  hemisphere.  It  will  therefore  be 
the  same  length  of  time  in  descending  from  the  meridian 
to  the  horizon,  as  in  ascending  from  the  horizon  to  the 
meridian. 

3.  The  angle  SPZ,  or  its  measure  DE,  converted  into 
time,  expresses  the  interval  of  time  between  the  rising  of 
the  body  and  its  passage  over  the  meridian.  This  inter- 
val is  called  the  Semi-diurnal  Arc.  As  the  body  is  12 
hours  in  passing  from  A  to  B,  the  difference  between  the 
semi-diurnal  arc  and  12  hours,  expresses  the  time  in  which 
the  body  ascends  to  the  horizon  from  the  meridian  below, 
and  is  called  the  Semi-nocturnal  Arc. 

4.  When  PS=90'',  S  coincides  with  O,  and  the  body  is  in 

*  It  has  been  noticed  that  the  rising  and  setting  of  the  heavenly  bodies  are  affeeted 
by  tefraction  (3iK)).  It  is  also  evident  that,  for  the  san,  moon  and  planets,  parallax 
will  iwodace  some  effect.  But  in  this  and  the  following  articles,  nnless  when  the  con- 
trary is  mentioned,  these  efiboCs  are  not  considered. 
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the  ecjpiator.  As  OPE  is  90%  the  semi^-dkinial  arc  will 
then  be  six  hotirs.  When  PS  is  less  than  90%  it  is  evident 
the  aagle  SPZ  will  be  more  than  90«,  and  consequently 
the  semi-diurnal  arc  more  than  six  hours.  When  PS  is 
more  than  90"",  as  PS\  the  angle  S'PZ  is  less  than  90'',  and 
the  semi-diurnal  arc  less  than  six  hours. 

5.  When  PS,  the  distance  of  the  body  from  the  elevated 
pole,  is  less  than  PH,  the  latitude  of  the  place,  the  body 
continues  above  the  horizon  and  does  not  set.  When  the 
distance  of  a  body  from  P,  the  depressed  pole,  is  less  than 
PR,  which  is  equal  to  PH,  the  latitude  of  the  place,  the 
body  continues  below  the  horizon  and  does  not  rise. 

6.  The  sun's  polar  distance,  when  least,  is  about  66i*. 
Th^efore,  at  a  place  whose  latitude  is  greater  than  6tii'', 
the  snn,  when  nearest  the  elevated  pole,  will  revolve  above 
the  horizon  without  setting,  and  will  continue  to  do  so, 
as  long  as  its  distance  from  the  elevated  pole  is  less  than 
the  latitude.  At  the  opposite  season  of  the  year,  when 
the  sun  is  nearest  the  depressed  pole,  it  will  continue  a 
like  period  of  time  below  the  horizon  without  rising. 

7.  At  either  of  the  poles  of  the  earth,  the  latitude  is 
90'' ;  and,  therefore,  the  sun  will  continue  above  the  hori- 
zon all  the  time  it  is  on  the  same  side  of  the  equator  with 
the  elevated  pole,  which  is  about  half  the  year.  During 
the  other  half  of  the  year  it  will  be  below  the  horizon. 

8.  At  the  equator,  the  latitude  is  nothing,  the  axis  PP' 
coincides  with  HR,  and  the  angle  SPZ  becomes  SHZ  = 
90^  The  semi-diurnal  arc  is  therefore  six  hours,  what- 
ever be  the  distance  of  the  body  from  the  pole. 

9.  It  follows  from  the  preceding  articles,  that  at  the 
equator,  the  days*  are  always  12  hours  long;  from  the 
equator  to  66i''  latitude,  the  longest  varies  from  12  to  24 
hours ;  and  from  thence  to  the  pole  it  varies  from  24  hours 
to  six  months. 

10.  The  difference  in  the  warmth  diffused  by  the  sun  to 
different  parts  of  the  earth,  or  to  the  same  part  at  differ- 

*  Tiw  terra  day,  here,  implies  the  time  oflbe  itm*fl  eoatinuaiice  above  the  horizon. 
11 
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eDt  seasooa  of  the  year,  depencte  principally  on  the  time 
of  its  continuance  above  the  horizon,  and  on  its  meridian 
altitude.  The  change  in  the  sun^s  distance  from  the 
earth  must  produce  some  effect;  but  on  account  of  the 
small  degree  of  eccentricity  of  the  earth^s  orbit,  the  change 
in  distance  is  only  a  small  part  of  the  whole  distance,  and 
consequently  the  difference  in  warmth  depending  on  this 
cause  will  be  inconsiderable.  Indeed  the  sun  is  in  peri- 
gee, or  nearest  the  earth,  about  the  first  of  January; 
which,  in  northern  latitudes,  is  the  time  of  our  coldest 
weather. 

11.  Within  the  limits  of  the  torrid  zone  (6.10),  when 
the  sun  is  on  the  meridian,  the  direction  of  its  rays  is 
always  nearly,  and  sometimes  quite,  perpendicular  to  the 
surface  of  the  earth.    The  heat  is  therefore  very  great 

On  the  contrary,  within  the  frigid  zones,  the  sun  never 
rising  far  above  the  horizon,  the  direction  of  its  rays  is 
very  oblique,  and  consequently  it  produces  but  little 
warmth. 

Within  the  temperate  zones,  the  obliquity  in  the  direc- 
tion of  the  sun's  rays,  when  it  is  on  the  meridian,  being 
mostly  neither  very  great  nor  very  small,  a  medium  tem- 
perature is  produced. 

12.  At  any  place  in  the  temperate  zones,  the  difference 
between  the  greatest  and  least  meridian  altitudes  of  the 
sun,  is  evidently  equal  to  twice  its  greatest  declination, 
that  is,  to  nearly  47''.  And  as  the  days  are  longest  when 
the  meridian  altitude  is  greatest,  and  shortest  when  it  is 
least,  the  difference  in  temperature,  between  the  opposite 
seasons  of  the  year,  in  which  these  circumstances  have 
place,  must  be  considerable. 

13.  In  the  north  temperate  zone,  Springs  Summer^  Au- 
tumn^ and  Winter^  the  four  seasons,  into  which  the  year  is 
divided,  are  considered  as  respectively  commencing  at  the 
times  of  the  Vernal  Equinox^  Summer  Sobtieej  Autumnal 
Equinox^  and  Winter  SokHce. 

14.  Since  at  the  terrestrial  equator  the  poles  are  in  the 
horizon,  the  celestial  equator,  and  circles  parallel  to  it, 
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must  cot  the  horizon  at  right  angles.  This  position  of 
the  sphere  is  called  a  Right  Sphere.  At  the  poles,  the 
equator  coincides  with  the  horizon;  and  hence,  circles 
parallel  to  it  are  parallel  to  the  horizon.  This  is  called 
a  Parallel  Sphere.  At  any  other  place  on  the  earth,  the 
equator  and  its  parallels  cut  the  horizon  obliquely ;  and 
such  a  position  of  the  sphere  is  called  an  Oblique  Sphere. 

15.  A  circle  parallel  to  the  horizon  is  called  an  ^bna- 
eantar. 

16.  The  arc  of  the  equator,  contained  in  the  order  of 
the  signs,  between  the  vernal  equinox  and  the  point  of  the 
equator,  which  is  in  the  horizon  at  the  same  time  with  any 
body,  is  called  the  Oblique  Ascension  of  the  body.  Thus,  if 
y  be  the  place  of  the  vernal  equinox,  VO  is  the  oblique 
ascension  of  the  body  at  S. 

17.  The  arc,  which  is  the  difference  between  the  right 
ascension  of  a  body  and  the  oblique  ascension,  is  called 
tbe  Ascensional  Difference.  Thus,  OD  is  the  ascensional 
difference  of  the  body  at  S. 

18.  Given  the  UoUude  cftke  place  and  the  sun*$  dedinatiant  to  find  the 
time  qfiteridng  or  setting. 

Id  tbe  triangle  ZPS  we  have  (App.  34), 

cos  ZS  n  cos  PZ  cos  P9  +  sin  PZ  sin  PS  cos  SPZ,  or  because  ZS 
=  90^ 

0  »  cos  PZ  cos  PS  +  sin  PZ  sin  PS  cos  SPZ. 

Hence  cos  SPZ  =  _^?lj|-^i|f  «  —  cot  PZ  cot  PS-  — tan  PH 
sio  PZ  sin  PS 

cot  PS, 
or  cos  eemi'diumei  ctv  n  —  tan  latitude  x  cot  fclar  dietanee. 

Another  formula  which  is  frequently  used,  may  be  derived  from  the 
preceding. 

Because,  cob  SPZ  acos  DE  »  cos  (90''+OD)  =  —  sin  OD,  we  have 
sin  OD  a  tan  PH  cot  PS  a  un  PH  tan  DS, 
or  sin  Ascensional  di^.  «  tan  latitude  X  tan  declination. 

Now  the  angle  OPE  or  its  measure  OE,  being  equal  to  90^  or  6  hours, 
it  is  evident  that  when  the  latitude  and  declination  are  both  of  the  same 
name,  that  is,  both  north  or  both  south,  the  ascensional  difference  con- 
verted into  time  and  added  to  6  hours  will  give  tbe  semi-dhirnal  are. 
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Wh^D  tSie  latitude  and  declination  are  of  different  names,  the  i 
sional  diflerence  in  time,  subtracted  from  6  hours,  gi?e8  the  semi-diurnal 
arc. 

The  semi-diurnal  arc  expresses  the  time  of  sunset,  and  subtracted  from 
12  hours,  gives  the  time  of  sunrise. 

19.  Given  the  latitude  of  the  place  and  the  euiCe  deoUnatunh  to  find  its 
azimuth  at  rising  or  setting. 

In  the  triangle  ZPS  we  have  (App.  34). 

cos  PS  »  cos  PZ  cos  ZS  +  sin  PZ  sin  ZS  cos  PZS, 

or  because  ZS  =  90°, 

cos  PS  a  sin  PZ  cos  PZS. 

cos  PS        cos  PS 


Hence  cos  PZS  = 


sin  PZ       cos  PH' 


cos  polar  distance 

or  cos  azimuth  =* ^ — - — —-; . 

cos  latitude  ^  . 

20.  Criven  the  latitude  of  the  place^  the  eun'e  alHiude*  and  deoUnationt 
to  find  the  time  of  day. 

Let  S,  Fig,  18,  be  the  situation  of  the  sun  ;  and  put, 

L  »  HP  B=  the  latitude. 

D  ss  PS  «  90°+  sun's  declination, 

H  »  SE  sr  the  sun's  altitude, 

P  »  ZPS  s=  (he  hour  angle. 
Then  in  the  triangle  ZPS,  we  have  (App.  34), 

„r^^  COS  ZS  — cos  PS  COS  ZP 

COS  ZPS  = .^^        ^p , 

sm  PS  sm  ZP 

COS  (90°  —  H)  —  COS  D  COS  (90°  —  L) 

or  cos  P  =8  ^ : ■:      .      .^^Q r-^^ 

sm  D  sm  (90°  —  L) 

sin  H  —  cos  D  sin  L 

sin  D  cos  L 

But  (App.  8),  cos  P  =  1  —  2  sin  "i  P, 

and  (App.  13),  cos  D  sin  L  «=  sin  (D  +  L)  —  sin  D  cos  L. 

Hence 

«   •  •  1  T>      sin  H  —  (sin  D  -f  L)  -f  sin  D  cos  L 

1  —  X  sm*  4  r  ■■ ^ r- ; 

Bin  u  cos  L 

sin  H  — sin  (D  +  L) 

sm  D  cos  L  * 

^^.^  sinJD  +  L^smH 

sm  D  cos  L 

=  g  cos  i  (D  +  L  -f  H)  sin  ^  (D  +  L  —  H)  ^^  . 

™  sin  D  cos  L  ^    ^^* 

*  The  sun's  altitude  maj  be  obtained  with  oonsiderable  accoraoy  by  nMans  of  a 
Stxtant  tf  R^fiieHon  and  an  Art^al  MmsBom* 
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2cos( )..n^ H) 


/D  +  L  +  HV   .   /D+L  +  H      „\ 


8in  D  coH  L 
coaf 2 

flDiPaV    ^^ 

sin  D  cos  L 

To  determine  the  time  accurately,  the  observation  of  the  son^s  altitude 
should  not  be  made  when  the  sun  is  near  the  meridian,  as  its  altitude  then 
changes  but  islowly.  Neither  should  it  be  made  when  the  sun  is  very  near 
the  horizon,  as  the  correcfion  for  refraction  cannot  then  be  depended  on 
with  certainty.  In  general  the  best  time  is  three  or  four  hours  before  or 
af\er  noon. 

I^  is  the  true  altitude  of  the  sun's  centre  that  is  to  be  used  in  the  calca- 
ktion.  Hence  the  altitude  of  the  lower  or  upper  limb,  as  obtained  by 
observation,  must  be  corrected  for  refraction,  parallax,  and  semi-diameter. 

21.  If  the  sun's  declination  did  not  change,  it  is  evident 
that  it  would  have  equal  altitudes  at  equal  times  before 
and  after  apparent  noon.  Hence  if  an  observation  of  the 
sun^s  altitude  was  taken  in  the  forenoon,  and  the  time 
observed  by  a  good  clock  or  watch,  and  if  in  the  after- 
noon the  time  was  also  observed  when  the  sun  had  ob« 
tuined  the  same  altitude ;  half  the  interval  added  to  the 
time  of  the  first  observation,  would  give  the  time  shown 
by  the  clock  or  watch  when  the  sun  was  on  the  meridian. 
The  deviation  from  12  o'clock  would  be  the  error  of  the 
dock  with  respect  to  apparent  time. 

But  in  consequence  of  the  sun's  change  in  declination 
during  the  interval  between  the  observations,  it  is  neces- 
sary, in  order  to  render  this  method  accurate,  to  apply  a 
correction  to  the  time  thus  obtained.  This  correction  is 
called  the  Equation  of  Equal  Jlliitudes.  Tables  have  been 
calculated,  from  which  the  equation  is  easily  obtained. 
With  these  tables,  the  method  of  obtaining  the  error  of 
the  clock  by  equal  altitudes  of  the  sun,  is  simple,  and  it  is 
also  very  accurate. 

22.  Gwen  the  latUude  of  the  ptaety  the  mmV  aUUude  and  decUmHam^ 
to  fnd  Ue  avimuth. 

Let  Z  «•  PZS  n  the  sun'a  azimuth ;  then  (App.  84), 
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eo8  PS  —  C09  PZ  COS  ZS 


cos  PZS  St 
or  cos  Z  as 


sin  PZ  sin  ZS 
cos  D  —sin  L  sin  H 


cos  L  cos  H 
But  (App,  9), 
cos  Z  s  2  cos*i  Z  —  1, 

and  (App«  14),  sin  L  sin  H  ss  cos  L  cos  H  —  cos  (L  +  H). 
Hence, 
«  1  fF       .       cos  D  +  cos  (L  +  H)  —  cos  L  cos  H 

2  C08«  4  Z  1   tBS  i ; — ^  ■ 

cos  L  cos  U 
_  cos  D  4-  cos  (L  +  H) 

cos  L  cos  H  ' 

COS  L  cos  H 
-  ^eoei(L.|.H  +  D)cc.i(L+H-D) 

cos  L  cos  H  \     rr         / 

/D  +  L+m       /D  +  L  +  H      ^\ 

cos  L  cos  H  * 


COS  i  Z  =a  ^        

cos  L  COS  H 


23.  If  the  Bun^s  declination  did  not  change,  it  is  evident 
that  equal  azimuths  would  correspond  with  equal  altitudes. 
As  the  change  in  declination  is  but  litttle,  for  a  few  hours, 
particularly  near  the  time  of  the  solstices,  the  azimuths 
corresponding  to  equal  altitudes  must  be  nearly  equaL 
This  circumstance  furnishes  a  simple  method  of  drawing 
a  meridian  line  that  will,  answer  for  determining  the  time 
of  apparent  noon,  when  great  accuracy  is  not  required. 
To  do  this,  describe  a  number  of  concentric  circles  or 
arcs  of  circles  on  a  smooth  board.  At  the  common  cen* 
tre  of  these  arcs,  fix  a  piece  of  thick,  straight  wire,  and 
make  it  exactly  perpendicular  to  the  surface  of  the  board. 
By  the  aid  of  a  spirit  level,  or  even  of  a  common  plumb* 
line  level,  fix  the  board  so  that  its  upper  surface  may  be 
horizontal. 

On  a  clear  day,  observe,  during  the  forenoon,  when  the 
extremity  of  the  shadow  cast  by  the  wire  exactly  coincides 
with  one  of  the  arcs,  and  mark  the  place.    In  the  after- 
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noon,  observe  when  the  extremity  of  the  shadow  coincides 
with  the  same  arc.  A  straight  line  drawn  from  the  place 
of  the  wire,  through  the  middle  point  of  the  arc  contained 
between  the  marks,  will  be  a  meridian  line.  When  the 
shadow  of  the  wire  coincides  with  this  line,  it  is  apparent 
Doon. 

Greater  accuracy  will  be  obtained  by  extending  the 
observation  to  several  of  the  concentric  arcs,  and  if  they 
do  not  give  the  same  line,  taking,  for  the  meridian  line,  a 
mean  among  them. 

24.   To  find  the  time  cfthe  eun^a  apparemt  rising  or  setting. 

At  the  time  of  the  apparent  rising  or  setting  of  the  sun,  the  zenith  dis- 
tance ZS  ass  90^+ refraction — parallax.  Let  R= refraction —  parallax  ; 
then  ZS  ss  90°  +  R,  and  by  an  investigation  nearly  similar  to  that  in 
article  20th,  we  have. 


(°±j±^...(g±^»-R) 


Sin 

sm  i  P  —  ^ -^ i- 

sin  D  cos  L 

As  it  is  not  important  to  know  the  precise  time  of  the  rising  or  setting 
of  the  heavenly  bodies,  it  is  usual  to  omit  the  effects  of  refraction  and 
parallax,  and  to  consider  the  bodies  as  rising  or  setting  when  they  are 
really  in  the  horizon. 

25.  To  find  the  time  of  the  heghming  or  end  qftwihght. 

Twilight  commences  or  ends  when  the  sun  is  about  18°  below  the 
horizon.  Therefore  the  zenith  distance  ZS  a  90°  +  18°  ;  and  by  substi- 
toting  18°  instead  of  R  in  the  formula  in  the  last  article,  we  have, 

sm  D  cos  L 
If  the  time  of  the  commencement  of  twilight  be  subtracted  from  the 
time  of  suorisot  the  remainder  will  be  the  duration  of  twilight. 

26.  The  duration  of  twilight  at  a  given  place,  changes 
with  the  declination  of  the  sun.  In  northern  latitudes,  it 
16  longest  when  the  sun  has  its  greatest  north  declination; 
and  shortest  when  the  declination  is  a  few  degrees  south. 
It  is  not  designed  to  enter  into  an  explanation  of  the  differ- 
ent circumstances,  relative  to  the  duration  of  twilight,  as 
they  are  of  but  little  practical  utility.    But  the  determina- 
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tion  of  the  time  of  shortest  twiHght,  being  a  problem  that 
has  claimed  coQsiderable  attention,  may  be  introduced. 

27.  Gwen  the  latitude  of  the  place^  to  determine  the  duration  of  the 
ehortesi  tieilight  and  the  sun's  declination  at  the  time* 

In  the  solution  of  this  problem,  twilight  is  supposed  to  commence  when 
the  sun  is  at  a  given  distance  below  the  horizon,  the  sun  to  rise  when  it 
is  really  in  the  horizon,  and  its  di?tance  from  the  pole  to  remain  constant, 
during  the  continuance  of  twilight.  The  sun's  distance  below  the  horizon 
when  twilight  commences  is  generally  assumed  to  be  18°. 

Put  2a  =  18^  and  let  B  Fig.  19,  be  the  situation  of  the  sun  when  twi- 
light commences,  and  S'  its  situation  in  the  horizon.  Then  PS  =  PS', 
ZS'  B  90,  ZS  s  ZD  +  DS=a  90""  +  2a,  and  the  angle  SPS',  converted 
into  time,  expresses  the  duration  of  twilight.  Let  PCS  be  a  spherical 
triangle  having  the  sides  respectively  equal  to  the  sides  of  the  triangle 
ZPS',  that  is,  >S  «  PS',  PC  «  PZ  and  CS  »  ZS' «  90^.  Also  let  ZG 
be  the  arc  of  a  great  circle  joining  Z  and  C.  Then  the  angle  CPS  is 
equal  to  ZPS',  and  consequently  ZPC  =  SPS'.  Hence  when  the  angle 
ZPC  is  the  least  possible,  the  twilight  will  be  shortest. 

Now  in  the  triangle  ZPC,  the  two  sides  ZP  and  PC  are  constant ;  and 
therefore  the  angle  ZPC  will  be  least  when  (he  side  ZC  is  least.  But 
as  the  two  sides  CS  and  ZS  of  the  triangle  ZSC  are  constant,  the  side 
ZC  will  be  least  when  the  angle  24SC  »  0  ;  that  is  when  the  sides  ZC 
and  CS  coincide  with  ZS.  Hence  when  the  twilight  is  shortest,  the  angle 
PS'Z  B  PSC  =  PSZ. 

We  have.  Fig.  20,  ZC  »  ZD  —  CD  «  CS  —  CD  »  DS  »  2a.  And 
because  PZ  s  PC,  if  P£  bisect  the  angle  ZPC,  it  will  also  bisect  the 
base  ZC,  and  be  perpendicular  to  it.     Hence, 

^r.  r/Pi?       g^"  ZE         sing  ftin  9^ 

sm  PZ       cos  PH       cos  latitude 

Twice  the  angle  ZPE  converted  into  time,  gives  the  duration  of  shortest 
twilight. 

Since  the  two  right  angled  triangles  ZPE  and  SPE  have  the  same  per- 
pendicular PE,  we  have  (App.  45.}, 

cos  ZE  :  cos  ES  : :  cos  PZ  :  cos  PS, 
cos  a  :  cos  (90°  +  a)  : :  sin  latitude  :  sin  decUnaHon^ 
or  cos  a  :  —  sin  a  ::  sin  latitude  :  sin  declination* 

Hence  sin  dedinatim  at sin  laHtude  »  —  tan  a  sin  latitude. 

cos  a 

The  value  of  sin  declin,  being  negative,  shows  that  the  declination  is  of 
a  different  name  from  the  latitude  of  the  place.  Hence  in  northern  lati- 
tudes the  declination  is  aouth. 

The  times  of  the  year  at  which  the  shdttest  twilight  has  place  may  be 
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me&ttkined  by  obsenriog  in  a  Nautioal  Alioanac^)  the  days  on  which  the 
ma  has  the  declination,  found  by  the  above  formula. 

28.  The  ancients  gave  considerable  attention 'io  the 
rising  or  setting  of  a  star  or  planet  under  the  circum* 
stances  noticed  in  the  following  definitions.  But  they  are 
not  now  considered  of  much  importance. 

29.  The  Cosmical  rising  or  setting  of  a  star,  is  when  it 
rises  or  sets  at  sunrise. 

The  Jichronical  rising  or  setting  of  a  star,  is  when  it 
rises  or  sets  at  sun^t. 

The  Hehacal  rising  of  a  star,  is  when  it  rises  so  long 
before  sunrise  as  just  to  become  visible  above  the  horizon 
and  then  immediately  to  disappear  in  consequence  of  the 
increasing  light  from  the  sun ;  and  its  Heliacal  setting,  is 
when  it  sets  so  long  after  the  sun  as  just  to  become  visible 
before  it  descends  below  the  horizon. 

sub's  spots,  and  rotation  on  its  AXIS. 

30.  The  sun  presents  to  us  the  appearance  of  a  lumi- 
nous circular  disc.  But  it  does  not  from  thence  follow 
that  its  surface  is  really  flat;  for  all  globular  bodies  when 
viewed  at  a  great  distance  have  this  appearance.  Obser- 
vations with  a  telescope  show  that  the  sun  has  a  rotatory 
motion.  And  it  is  only  a  globular  body,  that  in  present- 
ing all  its  sides  to  us,  would  always  appear  under  the  form 
of  a  circle. 

31.  When  the  sun  is  viewed  with  a  telescope,  dark  SpoU 
of  an  irregular  form  are  often  seen  on  its  disc;  and  con- 
tinued or  repeated  observations  show  that  they  have  a 
motion  firom  east  to  west.  Their  number,  positions  and 
magnitudes  are  extremely  variable.  Frequently,  several 
may  be  seen  at  once ;  and  at  some  periods,  for  a  year  or 
more  there  are  none  visible.  Their  magnitude  is  some- 
times  such  as  to  render  them  visible  to  the  naked  eye, 

*  The  Nautical  Almanac  is  an  important  astronomical  ephemeris,  published  annually 
in  England,  and  at  pretent  republished  in  New  York.    It  may  generally  be  obtained 
two  or  Ihreo  yMre  prarknis  to  th«  yeaf  for  whieh  it  is  calculated. 
12 
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when  iQ  consequeDce  of  a  smoky  or  thick  atmosphere, 
the  sun  can  be  thus  viewed  without  injury.  Each  spot  is 
usually  surrounded  with  a  penumbra,  beyond  which  is  a 
border  of  light  more  brilliant  than  the  rest  of  the  sun's 
disc.  Sometimes  a  spot  becomes  visible  on  the  eastern 
limb  of  the  sun,  traverses  the  disc  in  about  14  days,  dis- 
appears in  the  west,  and  after  a  like  interval  reappears  in 
the  east.  But  it  is  not  often  that  this  happens,  as  the 
spots  frequently  dissolve  and  perish  before  they  arrive  at 
the  western  side ;  or  having  disappeared  on  that  limb,  do 
not  reappear.  The  nature  of  the  solar  spots  and  the 
causes  of  these  changes  are  to  us  unknown. 

32.  When  a  spot  remains  so  long  permanent,  as  to  be 
seen  twice  in  the  same  position  on  the  sun's  disc,  the 
interval  is  found  to  be  about  27  days.  But  this  interval 
does  not  express  the  real  period  of  the  sun's  rotation  on 
its  axis.  For  during  this  time  the  sun,  by  its  apparent 
annual  motion,  has  advanced  nearly  a  sign  forward  in  the 
ecliptic.  The  spot  has,  therefore,  made  that  much  more 
than  a  complete  revolution,  before  it  appears  to  a  spectator 
on  the  earth  to  be  in  the  same  position. 

33.  The  apparent  position  of  a  spot  with  respect  to  the 
sun's  centre  may  bo  obtained  by  observing,  when  the  sun 
is  on  the  meridian,  the  right  ascensions  and  declinations, 
both  of  the  spot  and  centre.  From  three  or  more  obser- 
vations of  this  kind,  the  time  of  the  sun's  rotation  and  the 
situation  of  its  equator  with  respect  to  the  ecliptic,  may 
be  ascertained.  The  student  who  wishes  a  complete 
investigation  of  these,  may  be  referred  to  the  astronomy 
of  Delambre  or  Bioi.  The  following  results  have  been 
obtained  by  Delambre. 

The  time  of  the  sun's  rotation  on  its  axis  2dd.  0  h.  17  m. 
Inclination  of  the  sun's  equator  to  the  ecliptic  T  1 9'.  The 
north  pole  of  the  sun  is  directed  towards  a  point  in  the 
ecliptic,  the  longitude  of  which  is  1  Is.  20^  Some  astro- 
nomers make  the  time  of  the  sun's  rotation  on  its  axis 
25  d.  12  h. 

34.  It  is  also  found  that  the  moon  and  such  of.  the 
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planets  as  admit  of  sufficiently  nice  observations  to  deter- 
mine the  fact,  have  motions  on  their  axes.  This  forms  a 
strong  analogical  proof  in  favour  of  the  earth's  diurnal 
motioB. 

ZODIACAL   LIGHT. 

35.  A  luminous  appearance  is  sometimes  seen  after 
sunset  or  before  sunrise,  in  the  form  of  a  cone  or  pyramid, 
with  its  base  at  that  part  of  the  horizon  which  the  sun  has 
just  left  or  at  which  it  is  about  to  appear,  and  having  its 
axis  in  the  same  direction  as  the  plane  of  the  sun's  equa- 
tor. This  phenomenon  is  called  the  Zodiacal  LigfU, 
From  the  circumstance  of  its  direction  always  corres- 
ponding with  the  sun^s  equator,  it  seems  to  have  some 
connection  with  the  sun's  rotation. 

36.  The  angle  which  the  plane  of  the  sun's  equator 
makes  with'  the  horizon  at  a  given  place,  at  the  time  of 
sunset  or  sunrise,  is  different  for  different  positions  of  the 
sun  in  the  ecliptic.  In  our  northern  climates  the  greatest 
inclination,  at  the  time  of  sunset,  has  place  about  the  1st 
of  March ;  and  at  this  season  of  the  year,  the  zodiacal 
light  is  generally  most  distinct.  At  other  seasons  when 
the  inclination  is  less,  the  vapours  near  the  horizon  con- 
ceal it  from  our  view.  On  account  of  the  different  states 
of  the  air,  at  the  season  most  favourable  to  its  appearance, 
it  is  much  more  distinct  in  some  years,  than  in  others. 

The  extent  of  the  zodiacal  light  is  various,  being  some- 
times more  than  100%  and  sometimes  not  more  than  40° 
or  50^ 


CHAPTER  X. 


OF  THE  MOON. 


1.  The  moon,  next  to  the  sun,  is  the  most  conspicuous 
of  the  heavenly  bodies,  and  is  particularly  distinguished 
by  the  periodical  changes  to  which  its  figure  and  light 
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are  subject.    The  different  appearances  which  it  presents, 
are  called  the  Phases  of  the  moon. 

2.  By  repeatedly  observing  the  moon,  when  on  the 
meridian,  it  is  found  that  it  has  a  motion  among  the  fixed 
stars,  from  west,  to  east,  and  that  it  comes  to  the  meridian 
about  50  minutes  later  on  each  succeeding  day.  This 
motion  is  not  uniform,  but  at  a  mean  it  is  1 3°  IC  35"  in 
24  mean  solar  hours.  It  is  also  found,  that  the  moon  is 
sometimes  on  the  north  and  sometimes  on  the  south  side 
of  the  ecliptic,  continuing  about  as  long  on  one  side  as  on 
the  other;  and  that  its  orbit  nearly  coincides  with  the 
plane  of  a  great  circle  which  intersects  the  ecliptic  in  aa 
angle  of  about  3°. 

3.  The  points  in  which  the  moon's  orbit  cuts  the  plane 
of  the  ecliptic,  are  called  the  moon's  JYodes.  That  node 
in  which  the  moon  is,  when  passing  from  the  south  to  the 
north  side,  is  called  the  Ascending  JVbde.  The  other,  in 
which  it  is  when  passing  from  the  north  to  the  south  side^ 
is  called  the  Descending  JYode.  The  nodes  are  distin- 
guished by  the  following  characters. 

Ascending  node,    SI* 
Descending  node,  ^. 

4.  At  periods  of  about  a  month  each,  the  moon  entirely 
disappears,  and  continues  invisible  during  two  or  three 
days.  About  the  middle  of  this  time,  the  longitudes  of  the 
sun  and  moon  are  equal.    It  is  then  said  to  be  JVew  Moon. 

5.  When  the  moon  again  becomes  visible,  it  is  seen 
soon  after  sunset,  a  little  above  the  western  part  of  the 
horizon,  under  the  form  of  a  circular  segment,  the  exte- 
rior boundary  being  a  semicircle,  and  the  interior,  a  semi- 
ellipse,  having  for  its  greater  axis  the  diameter  of  the 
semicircle.  This  phase  of  the  moon  is  called  a  Crescent^ 
and  is  represented  in  Fig.  21.  The  points  A  and  B  are 
called  the  Cusps^  or  Horns. 

6*  The  convex  part  of  the  crescent  is  turned  towards  the 
sun ;  and  if  a  great  circle  bisect,  at  right  angles,  the  line 
AB,  which  joins  the  cusps,  it  will  pass  through  the  sun. 
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7.  From  day  to  day  the  luminous  segment  increases  in 
breadth,  the  boundary  becomes  less  concave,  and  the 
moon  advances  to  the  east  from  the  sun,  till  in  a  little 
more  than  seven  days  from  the  time  of  new  moon,  the  dif- 
fisrence  of  their  longitudes*  is  90^  This  situation  of  the 
moon  with  respect  to  the  sun,  is  called  the  First  Quarter. 
Nearly  at  the  same  time  the  moon  appears  as  a  semicircle, 
the  right  line,  joining  the  cusps,  becoming  the  boundary 
on  the  side  opposite  the  sun.  The  moon  is  then  said  to 
be  Dichotomized^. or  to  be  a  Half  Moon* 

&  After  this,  the  side  opposite  the  sun  becomes  convex, 
and  the  convexity,  as  well  as  the  breadth  of  the  segment, 
increases  till  the  longitudes  of  the  sun  and  moon  differ 
180%  which  takes  place  about  fifteen  days  from  new  moon. 
At  this  time  the  moon  appears  nearly  as  a  complete  circle, 
h  is  then  said  to  be  Ftdl  Moon. 

A  phase  of  the  moon,  between  the  first  quarter  and  full 
moon,  is  represented  in  Fig.  ^2.  When  the  moon  appears 
onder  this  shape,  it  is  said  to  be  Gibbous. 

9.  After  full  moon,  the  western  side  of  the  moon  be- 
comes elliptical,  and  the  convexity  and  breadth  decrease. 
In  about  twenty-two  days  from  the  time  of  new  moon,  the 
longitudes  of  the  sun  and  moon  differ  270"^.  It  is  then 
said  to  be  Last  Quarter.  About  this  time  the  moon  is 
again  dichotomized. 

After  this,  the  western  side  of  the  moon  becomes  con- 
cave, and  the  breadth  of  the  segment  continues  to  de- 
crease till  the  moon  again  becomes  invisible,  a  day  or  two 
before  new  moon. 

10.  The  interval  from  new  moon  to  new  moon,  or  from 
full  moon  to  full  moon,  is  called  a  Lunation  or  Lunar  Month. 
Its  mean  length  is  29  d.  ]2h.  44  ra.  3  sec. 

11.  Any  two  of  the  heavenly  bodies  are  said  to  be  in 
Conjunction^  when  their  longitudes  are  the  same ;  and  to  be 
in  Opposition,  when  their  longitudes  differ  ISO"".      The 

*  Bj  the  differenGe  of  tbeir  loogkDdet,  ia  metnt  th»  exoesB  of  the  moon's  loD|ritucto 
abovo  tbat  of  the  tmi,  the  formor  being  increaied  by  3609^  wben  it  ha  Itm  Umb  Um 
latter. 
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points  in  the  orbit,  at  which  the  moon  is  when  in  con* 
junction  or  opposition,  are  called  the  Syzigies ;  those  at 
which  it  is,  when  its  longitude  exceeds  the  sun's  by  90"^  or 
270^  are  called  the  Quadratures ;  and  the  middle  points, 
between  the  syzigies  and  quadratures,  are  called  the 
Octants.  Some  of  these  are  designated  by  characters,  as 
follows : — 

Conjunction,  6^ 
Opposition,  ^, 
Quadrature,  n- 

12.  The  time  between  two  consecutive  conjunctions  or 
oppositions,  of  a  body  with  the  sun,  is  called  a  Synodic 
Revolution  of  that  body.* 

13.  It  follows  from  the  preceding  articles,  that  the  new 
moon  has  place  when  the  moon  is  in  conjunction  with  the 
sun ;  the  full  moon,  when  it  is  in  opposition ;  and  that  the 
first  and  last  quarters  have  place  when  it  is  in  quadratures. 
Also,  that  the  synodic  revolution  of  the  moon  is  the  same 
with  a  lunation  or  lunar  month. 

14.  For  a  few  days  before  and  after  new  moon,  we  can 
discern  the  entire  disc,  the  obscure  part  appearing  with  a 
faint  dusky  light.  Near  the  time  of  full  moon,  this  part  is 
entirely  invisible. 

15.  When  the  moon  is  viewed  with  a  telescope,  the  line 
separating  the  light  part  from  the  dark  is  seen  to  be  very 
irregular  and  serrated;  and  its  form  varies  even  during 
the  time  of  observation.  Bright  spots  are  frequently  se^i 
on  the  dark  part,  near  the  line  of  separation.  The  light 
of  these  spreads  till  it  becomes  united  to  the  rest.  The 
whole  enlightened  surface  also  appears  diversified  with 
spots  of  difierent  shapes  and  difierent  degrees  of  bright- 
ness.   These  spots  always  retain  the  same  position  with 

*  Ai  the  dttUiicet  of  the  planets,  Mercury  and  Venus,  from  the  sun  are  each  less 
than  that  of  the  earth  (7i28),  they  can  nerer  be  in  opposition  to  the  sun.  But  they  may 
be  in  conjunction,  either  by  being  between  the  sun  and  earth,  or  by  being  on  the  oppo- 
site side  of  the  sun.  The  former  is  called  the  Jbtferiar^  and  the  latter  the  Superior  con- 
junction.  For  either  of  those  planets,  a  Synodic  RewdtUion  is  the  interval  between 
two  consecatiye  conjunctions  of  the  same  kind. 
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respect  to  each  other,  and  occupy  nearly  the  same  place 
on  the  disc.  It  therefore  follows,  that  nearly  the  same  face 
of  the  moon  is  always  turned  towards  the  earth. 

16.  A  consideration  of  the  preceding  circumstances 
leads  to  the  conclusion,  that  the  moon  is  an  opaque 
globular  body,  having  its  surface  diversified  with  moun- 
tains and  valleys ;  and  that  it  shines  by  reflecting  the  light 
of  some  other  body.  And  from  the  relative  situations  of 
the  sun,  moon,  and  earth,  at  the  times  of  the  different 
phases,  this  body  appears  to  be  the  sun. 

At  the  time  of  new  moon,  the  sun  and  moon  are  in 
nearly  the  same  direction  from  the  earth,  and  as  the 
moon's  distance  is  less  than  the  sun's  (5.14  and  16),  the 
enlightened  side  of  the  moon  is  turned  from  the  earth, 
and  it  is  therefore  invisible.  At  the  first  or  last  quarter, 
the  difiference  of  longitudes  of  the  sun  and  moon  being 
90°  or  270^  it  is  plain  that  about  one  half  of  the  enlight* 
ened  side  is  turned  towards  the  earth.  At  the  full,  the 
moon  being  in  opposition  to  the  sun,  nearly  its  whole 
enlightened  side  is  turned  towards  the  earth. 

17.  If,  at  the  time  of  new  moon,  the  moon  is  at  or  near 
to  one  of  its  nodes,  as  it  is  an  opaque  body,  and  is  then 
directly  between  the  sun  and  eanh,  or  very  nearly  so,  it 
must  prevent,  at  least,  some  of  the  sun's  light  from  arriv- 
ing at  the  earth.  This  is  sometimes  the  case,  and  occa- 
sions what  is  called  an  Eclipse  of  the  Sun.  When  at  the 
time  of  full  moon,  the  moon  is  at,  or  near  the  node,  it  is 
in  the  earth's  shadow,  and  an  Eclipse  of  the  Moon  is  pro- 
duced. When  the  moon  passes  between  the  earth,  and  a 
star  or  planet,  the  circumstance  is  called  an  Occultation  of 
the  star  or  planet.  These  phenomena  will  be  considered 
in  the  next  chapter. 

18.  The  Elongation  of  a  body  is  its  angular  distance 
from  the  sun,  as  seen  from  the  earth. 

19.  The  apparent  breadth  of  the  visible,  enhghtened 
part  of  the  moon,  is  nearly  equal  to  the  product  of  the 
apparent  diameter  multiplied  by  the  square  of  the  sine  of 
half  the  elongation. 
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Let  E,  Fig,  23,  be  the  centre  of  the  earthi  MANB  the  mooD,  C  ita 

centre,  and  let  the  sun  be  in  the  direction  CS.  Also  let  ACB  be  perpen- 
dicular to  CS,  AD  to  EC,  and  EM,  EN,  tangents  to  the  moon  at  M  and 
N.  As  this  is  not  a  p^oblem  in  which  it  is  important  to  obtain  great 
accuracy,  we  may  suppose  the  moon  to  be  in  the  plane  of  the  ecliptic, 
and  the  rays  of  light  from  the  sun,  that  arrive  at  the  moon,  to  be  parallel. 
Then  AMB  is  the  enlightened  half  of  the  moon,  of  which  only  the  part 
AM  is  visible  from  the  earth.     It  is  seen  under  the  angle  AEM. 

Put  C  a  angle  ECS, 

i  sss  angle  CEMcss  app.  semidiaoi.  of  moon. 
Then  CD  =  AC  cos  ACE  =  AC  sin  SCE  =s  AC  sin  C, 
ED  =  EC  — AC  sin  C, 
AD  =  AC  sin  ACE  =»  —  AC  cos  SCE  «  —  AC  cos  C 

tanAEC=.^-^=  ^^  ^^«  ^ 


ED  EC  — AC  sin  C 

But  AC  «  EC  Bin  ^(7.13). 

EC  sin  i  cos  C  sin  ^  cos  C 


Hence  tan  AEC  = 


EC—  EC  sin  I  sin  C  1  —sin  i&nC 

Or  sioce  AEC  and  ^  are  both  small,  « 

^cos  G 


AEC«. 


AEM  =s  CEM  —  AEC  =  ^  + 

i^  +  i  COS  C  —  i  cos  C  + 

« ^  +  a  COS  c  + 


1 — sin  i  sinC 

IcosC 


1  —  sin  a  sin  C 
a  cos  C 


1  —  sin  I  sin  C 
I  sin  I  cos  C  sin  G 


1  —  sin  a  sin  C 

As  the  last  term  is  very  small  it  may  be  rejected,  and  we  shall  have, 
AEM  =  a  +  a  cos  C  «  a.  (1  +  cos  C)  «  2  i  cos"  i  C  (App.  9)     -     A. 

On  account  of  the  small  distance  of  the  moon  from  the  earth,  compared 
with  the  sun's  distance  from  both  of  them  (5. 14.  and  16),  we  may,  without 
material  error  in  the  present  case,  consider  the  line  ES',  drawn  from  the 
earth  in  the  direction  of  the  sun,  as  parallel  to  CS.     Then, 

AEM  IB  a  +  a  cos  C  «  a  +  a  cos  (180°—  CES') 
«  ^_ ^  cos  CES'  «.  a-  (1  —  cos  CES') 
«2asin»iCES',  (App.8). B.' 

20.  In  like  manner  as  the  moon  reflects  light  to  the 
earth,  the  earth  reflects  light  to  the  moon,  with  this  differ- 
ence, that  when  the  moon  gives  least  light  to  the  earth, 
the  earth  gives  the  most  to  the  moon,  and  the  contrary. 
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It  i^  the  Mghi  r^lecled  from  the  earth  to  the  moon^  and  from  the 
moon  back  to  the  earthy  that  renders  the  obscure  part  visible. 

There  are  two  causes  for  the  disappearance  of  the  ob- 
scure part  of  the  moon's  disc  some  time  after  new  moon 
(14).  One  of  these  is  the  real  diminution  in  the  quantity 
of  light  received  from  that  part,  in  consequence  of  the 
decrease  in  the  quantity  it  receives  from  the  earth ;  the 
other  is  the  effect  which  the  increased  light  of  the  lumin- 
ous part  has,  in  preventing  the  feeble  light  of  the  obscure 
part  from  making  an  impression  on  the  eye. 

moon's  mean  motion  in  longitude. 

21.  If  the  time  at  which  the  moon's  centre  passes  the 
meridian  be  observed,  its  right  ascension  at  that  time 
becomes  known.  And  from  the  observed  altitude,  cor<- 
rected  for  refraction  and  parallax,  the  north  polar  distance 
and  consequently  the  declination  is  easily  obtained  (6.2). 
With  the  right  ascension  and  declination,  the  longitude 
may  be  calculated  (6.19).  By  repeated  observations  and 
calculations  of  this  kind  the  interval  from  the  time  at 
which  the  moon  has  any  given  longitude,  till  it  again 
arrives  at  the  same  longitude,  may  be  ascertained.  This 
interval,  which  is  the  Tropical  Revolution  of  the  moon,  is 
found  to  vary.  From  observations,  made  at  distant 
periods,  its  mean  length  is  determined  to  be  27.321582 
mean  solar  days.*  Hence  27.321582  d.  :  Id.  ::  360°  : 
13°  Kf  35"  =  moon's  daily  mean  motion  in  longitude. 
"  The  mean  motion  of  the  moon,  here  given,  corresponds 
to  the  commencement  of  the  present  century.  A  compa- 
rison of  modern  observation  with  those  of  remote  periods 
proves  that  the  moon's  mean  motion  is  subject  to  a*  small, 
but  thus  far  a  continual,  Acceleration.  Investigations  in 
physical  astronomy  have  made  known  the  cause  of  this 
acceleration,  and  have  shown  that  it  is  really  a  periodical 

*  It  maj[be  observed  that  astronomers  (renerally  express  sach  periods  in  mean  solar 
time;  ankss  the  contrary  is  specified* 

13 
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inequality  in  the  raoon^s  motion,  which  requires  a  great 
length  of  time  to  go  through  its  different  values. 

22.  Tb^  moon^s  mean  longitude,  the  Ist  of  January 
1801  at  mean  noon,  on  the  meridian  of  Greenwich,  was 
3s.  28""  17  8\3.  With  the  Epoch  of  the  mean  longitude, 
and  the  moon^s  mean  motion,  the  mean  longitude  may  be 
determined  for  any  other  given  time. 

moon's  nodes  and  inclination  of  the  orbit. 

23.  With  different  longitudes  and  latitudes  of  the  moon, 
deduced  from  the  observed  right  ascensions  and  declina- 
tions, the  situations  of  the  nodes  and  the  inclination  of  the 
orbit  may  be  found,  by  methods  nearly  similar  to  those 
employed  for  determining  the  place  of  the  vernal  equinox, 
and  the  obliquity  of  the  ecliptic  (7.6  and  6.2). 

24.  The  moon's  nodes  are  not  fixed ;  they  have  a  retro-- 
grade  motion,  which  is  ascertained,  by  determining  their 
situations  at  different  periods.  This  motion  is  subject  to 
several  inequalities,  and  diminishes  from  century  to  cen- 
tury. At  the  commencement  of  the  present  century  the 
mean  length  of  a  tropical  revolution  of  the  nodes  was 
6798.54019  days,  or  18  years  and  224.17944  days ;  and  at 
that  time  the  mean  longitude  of  the  ascending  node  was 
Os.  13**  53'  18".  The  annual  mean  motion  of  the  nodes  in 
longitude  is  19°  20' 29". 

25.  The  inclination  of  the  moon's  orbit  to  the  plane  of 
the  ecliptic,  varies  from  about  5°  to  5°  18'.  It  is  greatest 
when  the  moon  is  in  quadratures  and  least  when  it  is  in 
syzigies.  The  mean  inclination,  which  is  always  the  same, 
is  5°  8:  48." 

moon's  orbit. 

26.  Observations  and  investigations,  similar  to  those 
made  in  the  case  of  the  sun,  prove  that  the  moon's  orbit 
is  nearly  an  ellipse,  having  the  centre  of  the  earth  in  one 
focus,  about  which  the  radius  vector  describes  areas  nearly 
proportional  to  the  times. 
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27.  Considering  the  mean  distance  of  the  moon  from 
the  earth,  a  unit,  or  1,  the  eccentricity  of  the  orbit  is 
.0548553,  which  gives  the  greatest  equation  of  the  centre 
6°  17'  54''.5 

28.  The  apsides  of  the  moon^s  orbit  have  a  direct 
motion,  by  which  they  perform  a  mean  tropical  revolution 
in  3231.4751  days,  or  8  years  and  309.537  days.  At  the 
commmencement  of  the  present  century,  the  mean  longi- 
tude of  the  perigee  was  8s.  26°  10'. 

29.  Besides  the  equation  of  the  centre,  the  moon^s  mo- 
tion is  subject  to  numerous  inequalities,  of  which  the  three 
following  are  the  principal. 

The  most  considerable  is  called  the  Evecfion^  and  was 
discovered  by  Ptolemy.  It  depends  on  the  angular  dis- 
tance of  the  moon  from  the  sun,  and  of  the  moon  from  the 
perigee,  and  amounts,  when  greatest,  to  V  20'  30". 

The  second  is  called  the  Variation^  and  was  discovered 
by  Tycho  Brahe.  It  disappears  when  the  moon  is  in  the 
syzigies  and  quadratures,  and  is  greatest  when  it  is  in  the 
octants.    It  then  amounts  to  35'  42 ". 

30.  The  third  is  called  the  Jlnnual  Equation^  and  depends 
on  the  mean  anomaly  of  the  sun.  When  greatest,  it 
amounts  to  11'  12." 

30.  The  motion  of  the  moon's  nodes,  the  change  in  the 
inclination  of  the  orbit,  the  motion  of  the  apsides,  and  the 
preceding  inequalities  in  the  moon's  motion,  are  caused  by 
the  sun's  attraction,  and  are  completely  explained  by  in- 
vestigations in  physical  astronomy.  These  investigations 
have  also  led  to  the  discovery  of  other  minute  inequalities 
in  the  moon's  motion,  and  thence  conduced  to  the  accu- 
racy of  tables  for  computing  its  place  at  any  given  time. 

31.  The  most  accurate  tables  of  the  moon  are  those 
calculated  by  Burckhardt,  and  by  Damoiseau.  The 
former  employs  36  equations  for  the  moon's  longitude,  and 
the  latter  47.  The  moon's  place,  calculated  by  either  of 
these  sets  of  tables,  always  agrees,  within  a  few  seconds, 
with  its  place  as  determined  by  observation. 
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DIFFERENT  REVOLUTIONS  OF  THE  MOON. 

32.  From  the  tropical  revolution  of  the  moon  (21),  by 
taking  into  view  the  motion  of  the  equinoxes,  the  sun^s 
apparent  motion,  and  the  motions  of  the  apsides,  and 
nodes  of  the  moon's  orbit,  the  other  revolutions  of  the 
moon  are  easily  determined.  The  following  are  the 
lengths  of  these  revolutions,  as  given  by  Delambre : — 

DAYS. 

Tropical  revolution,  .         •         .  27.3215255 

Sidereal  revolution,  -         -        -  27.3215830 

Synodic  revolution,  -        -         -  29.5305885 

Anomalistic  revolution,      -         -         -  27.5545704 

Revolution  from  one  node  to  the  same,  27.2]  22222 

moon's  revolution  on  its  axis. 

33.  It  has  been  stated  (15),  that  the  moon  presents 
nearly  the  same  face  to  the  earth.  It  must  therefore 
revolve  on  its  axis  in  the  same  direction  and  same  time 
that  it  revolves  in  its  orbit.  But  accurate  and  continued 
observations  show,  that  the  moon^s  spots  do  not  preserve 
exactly  the  same  situations  on  the  disc.  They  are  seen 
alternately  to  approach  and  recede  from  the  edge.  Those 
that  are  very  near  the  edge,  successively  disappear  and 
again  become  visible,  making  periodical  oscillations, 
which  are  called  the  Librations  of  the  moon. 

34.  The  librations  of  the  moon  are  not  occasioned  by 
an  unequal  motion  on  its  axis.  For,  admitting  this  motion 
to  be  uniform,  and  the  axis  to  be  nearly  perpendicular  to 
the  plane  of  the  orbit,  small  portions  on  the  east  and  west 
sides  of  the  moon  ought  alternately  to  come  into  sight 
and  to  disappear,  in  consequence  of  its  irregular  motion 
in  its  orbit.  This  is  conformable  to  observation,  and  is 
called  the  Libraiion  in  Longitude. 

35.  Besides  the  motion  of  the  spots  in  an  easterly  and 
westerly  direction,  they  are  observed  to  have  a  small 
alternate  motion  from  north  to  south.    This  is  called  the 
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LAration  in  Latitude,  and  shows  that  the  moon's  axis, 
though  nearly,  is  not  exactly,  perpendicular  to  the  plane 
of  its  orbit 

36.  In  consequence  of  the  earth's  diurnal  motion,  a 
spectator  at  the  surface  sees  portions  of  the  moon  a  little 
different,  according  to  its  different  positions  above  the 
horizon.  This  is  called  the  Diurnal  or  Parallactic  Ubra- 
titm. 

37.  From  calculations  founded  on  accurate  observa- 
tions of  the  lunar  spots,  it  has  been  found,  that  the  equa- 
tor of  the  moon  is  inclined  to  the  plane  of  the  ecliptid  in 
aD  angle  of  1*"  30' ;  and  that  the  line,  in  which  the  plane  of 
the  equator  cuts  the  plane  of  the  ecliptic,  is  always  parallel 
to  the  line  of  the  nodes. 

38.  If  three  planes  be  supposed  to  pass  through  the  cen- 
*        tre  of  the  moon,  one  representing  the  equator  of  the  moon, 

another  the  plane  of  its  orbit,  and  the  third  being  parallel 
to  the  ecliptic ;  then  the  last  will  lie  between  the  two 
others,  and  will  intersect  them  in  the  same  line  in  which 
they  intersect  each  other.  It  will  make,  with  the  first,  an 
angle  of  T  30';  and  with  the  second,  an  angle  of  5°  9'. 
This  curious  fact  was  discovered  by  Cassini ;  and  it  has 
been  explained  by  Lagrange  from  the  theory  of  gravity. 

moon's  diameter  and  mountains. 

39.  The  greatest  and  least  horizontal  parallaxes  of  the 
I        moon  for  a  place  on  the  equator,  are  53'  52''  and  61'  32" 

(5.14).  The  corresponding  apparent  diameters  are  found 
to  be  29'  22"  and  33'  31".     If  rf=  real  diameter  of  the 

I        moon  and  R  »  equatorial  radius  of  the  earth,  we  have 

I        (7.15), 

rf  -  R.  2^22;;  =  4r.  11^  -  2R.  iZ^  -  2R.i  very 
53' 52"        T       3230  6460  11        ^ 

nearly. 

Hence  the  diameter  of  the  moon  is  about  tV  of  the 

equatorial  diameter  of  the  earth,  and  consequently  its 

surface  is  about  iV  of  the  earths  surface,  and  its  volume 
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about  tV  of  the  earth's  volume.    The  moon's  diameter  in 
English  miles  is  2160. 

40.  It  has  been  observed  (1 6)  that  the  moon's  surface 
is  diversified  with  mountains  and  valleys.  The  heights  of 
some  of  these  mountains,  in  comparison  with  the  diameter 
of  the  moon,  are  found  to  exceed  those  of  the  earth. 
Though  not  a  subject  of  much  importance,  it  may  ^e 
interesting  to  the  student  to  know  a  method  of  ascertain- 
ing the  heights  of  the  lunar  mountains. 

41.  Let  ABOy  Fig^  24,  be  the  enlightened  hemisphere  of  the  moon,  £ 
the  situation  of  the  earlh,  ES'  the  direction  of  the  sun  from  the  earth,  and 
SM  a  solar  ray,  touching  the  moon  in  O,  which  will  be  one  of  the  points 
in  the  curve,  separating  the  enlightened  from  the  dark  part  of  the  moon. 
Also  let  M  be  the  summit  of  a  mountain,  situated  near  to  O,  and  suffi- 
ciently elevated  to  receive  the  sun's  light.  To  a  spectator  at  E,  the  sum- 
mit M  of  the  mountain  will  appear  as  a  bright  spot  on  the  dark  part  of 
the  moon. 

*  The  angle  MEO  may  be  measured  by  means  of  a  micrometer,  attached 
to  thetelescope.  In  this  case,  as  in  a  former  (19),  we  may  consider  ES' 
as  parallel  to  MS.  We  may  also  without  material  error  consider  the 
angle  MES'  as  equal  to  the  elongation  CES'.  Let  OD  be  perpendicular 
on  ME,  and  put, 

i  as  apparent  diameter  of  the  moon, 

d  8BS  AO  ss  real  diameter  of  the  moon. 

w      u  r^n.  .        iLMr^r.         w^  ^D  EO  sin  MEO 

We  have,  CO  tan  MCO  «  MO  «   .    ^^„  =  — .    ^.-„     = 

sm  OME  sm  OME 

EO  sin  MGO      EC  sin  MEO 


■in  MES'  sin  CES' 


nearly. 


tj  .       imnr.       ^^    «"  MEO  I        sin  MEO 

Hence,  tan  MCO  =  7^ -.  -: — -r^^y  a  -, — -— .  -: — .-— .,  (7.13) 

CO  sm   CES'        sin  i  i  sm  CES'  ^        ^ 

2      sin  MEO 

**  sin  y  sin  CES' 

Height  of  the  tnoutUain  »  a  M  »  MC  —  OC  »  — -~^  —  OC 

cos  MCO 

=  OC.  '  — ^Q^^^Q  _  OC   *  ~^^^  ^^^     *'°  ^^^ 


cos  MCO      -        •      cos  MCO    '    sin  MCO 

-nw^    1  COS  MCO  .*^^        ^^  1  ^^^^ 

=  ^^ .     M^^    >  tan  MCO  «  OC. —77^  tan  MCO 

sm  MCO  cot  i  MCO 

(App.  II). 

s  OC  tan  MCO  tan  i  MCO  »  }  OC  tan>  MCO 

.  OC  -1-  sin«  MEO  /    sin  MEO    y  /ang.  MEOy 

""  *     ^'  sin"  a*  8in»  CES'  ""    '  V  sin  itin  CES'/  *  ^'  \i»inCES7 
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Dr.  Berscbel  has  made  obseryationa  on  a  number  of  the  lunar  moua- 
tains.    For  one  of  these  the  data  are,  the  angle  MEO  b  4(y'.625,  appa- 
rent diameter  of  the  moon  ads'  6". 2,  and  the  elongation  a  126°  8'. 
Hence  taking  the  moon's  diameter  2160  miles,  we  may  easily  obtain  from 
^. '      the  preceding  formula,  the  height  of  the  mountain  »  1.45  miles. 

42.  Luminous  spots,  which  are  entirely  unconnected 
'with  the  phases,  or  in  other  words,  are  not  the  reflection 
of  the  son's  light,  are  sometimes  seen  on  the  moon's  disc. 
These  are  supposed  to  be  volcanoes. 

43.  If  the  moon  was  surrounded  with  an  atmosphere, 
such  as  appertains  to  the  earth,  it  would  by  its  action,  in 
changing  the  rays  of  light,  produce  a  very  sensible  effect 
in  the  duration  of  an  eclipse  of  the  sun,  or  an  occultation 
of  a  star  or  planet  (17).  But  no  such  effect  has  been 
observed.  It  is  therefore  inferred  that  the  moon  has  no 
atmosphere.  If  it  has  one,  it  must  be  either  of  very  little 
extent,  or  of  extremely  little  density. 

moon's  passage  over  the  meridian. 

44.  In  consequence  of  the  moon's  daily  increase  in  right 
ascension,  it  passes  the  meridian  later  on  each  day  than 
on  the  preceding  (2).  The  daily  retardation  varies  from 
about  38  to  66  minutes. 

To  obtain  the  time  of  the  moon's  passage  on  any  particular  day,  let  R 

ss  the  excess  of  the  moon's  right  ascension  above  the  sun's,  at  noon  of 

the  given  day,*  S  ss  daily  motion  of  the  sun  in  right  ascension,  M  «  that 

of  the  moon,  both  being  considered  as  uniform  during  the  day,  T  a  the 

required  time  of  the  moon's  passage,  and  A  —  the  arc  of  the  equator, 

which  passes  the  meridian,  between  noon  and  the  moon's  passage. 

T.M 
Then  24ii :  T  : :  M  :  --—  =  moon's  motion  in  right  ascension  during 

the  time  T. 

Hence  A«R  +  ^. 

Also24^:T  :  :  360<^  +  S  :  A-Ili^^i^^ 

24** 

*  When  the  mo<m*i  aacension  is  less  than  the  sun's,  it  must  be  increased  by  300'^ 
or84h. 
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ThereforeI:<?^±i)  =  R  +  ^ 

T.  (360^  +  S)  «  24h.  R  +  T.  M, 
24h.R  24h.R 


T« 


360°  +S  —  M       24h  +  S— .M 
45.  If  M  a  the  daily  motion  of  a  planet  in  right  ascension,  the  precede 
ing  formula  will  give  the  time  of  its  passage  over  the  meridian,  observing 
that  when  the  motion  of  the  planet  ie  retrograde,  the  sign  of  M  must  he 
changed  and  the  formula  will  then  become, 

™  360°  +  S  +  M  * 
For  a  fixed  star,  M  «=  0,  and  the  formula  becomes, 
24hR 


T« 


360°  +  S ' 


46.  On  account  of  the  moon*s  change  in  declination,  the  semi-dinmal 
arc,  found  with  its  declination  at  the  time  of  its  passing  the  meridian 

(9.18),  is  not  correct.  If  however  the  semi-diurnal  arc,  thus  obtained, 
be  applied  to  the  time  of  the  moon's  passagefby  subtracting  for  the  rising 
or  adding  for  the  setting,  it  will  give  the  approximate  time  of  rising  or 
setting. 

To  obtain  the  time  more  correctly,  find  the  declination  for  the  approxi« 
mate  time  and  again  calculate  the  semi-diurnal  arc,  which  must  be  cor- 
rected on  account  of  the  moon's  change  in  right  ascension.  Thus,  24*^ 
+  S — M  :  24],  ::  semi-diurnal  arc  :  corrected  semi-diurnal  arc,  which 
applied  as  before  to  the  time  of  the  moon's  passage,  gives  the  time  of  the 
moon's  rising  or  setting,  very  nearly. 

If  D  SB  the  difiference  between  the  times  of  the  moon's  passage  on  two 
consecutive  days,  one  of  which  precedes  and  the  other  follows  the  required 
time  of  the  moon's  rising  or  setting,  the  last  correction  may  be  made 
thus  :  As  24|,  :  24^  -f  D  :  :  semi-diurnal  arc  :  corrected  semi-diurnal 
arc. 

As  the  mean  length  of  the  semi-diurnal  arc  is  about  6  hours  ;  it  is  bet" 
ter,  in  the  operation  for  obtaining  the  approximate  time  of  rising  or  settingf 
to  make  use  of  the  moon's  declination  6  hours  before  or  aAer  its  passage 
over  the  meridian,  according  as  it  is  the  rising  or  setting  that  is  required^ 

moon's  parallax  in  longitude  and  latitude^ 
47.  The  effect  of  parallax  in  changing  the  altitudes  of 
the  heavenly  bodies  has  been  shown  in  a  preceding  chap- 
ter, and  a  method  given  for  determining  it.     But  this  is 
not  the  only  effect  of  parallax.    It  also  changes  the  righl 
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ascemion,  declination,  longitude,  and  latitude  of  a  l>ody. 
It  may  be  proper  here  to  investigate  formul»  for  calculate 
ing  the  effect  of  parallax  on  the  moon^3  longitude  and 
latitude,  as  they  will  be  useful  in  our  chapter  on  eclipses 
of  the  sun. 

48.  Let  HZR,  Fig.  25,  be  the  meridian,  HR  the  horizon, 
Z  the  zenith,  EQ  the  equator,  ECO  the  ecliptic,  P  and  p 
their  poles,  £  the  vernal  equinox,  A  the  true  place  of  the 
moon,  B  its  apparent  place,  as  depressed  by  parallax,  in 
the  vertical  circle  ZABK,  and  pka  and  pBfi,  circles  of 
latitude,  passing  through  the  true  and  apparent  places. 
By  the  effect  of  parallax,  the  true  longitude  Ea  is  changed 
to  the  apparent  longitude  E6,  and  the  true  latitude  Aa, 
to  the  apparent  latitude  B6. 

49.  The  difference  between  the  true  and  apparent 
longitude  of  a  body,  produced  by  parallax,  is  called  the 
Parallax  in  Longitude  ;  and  the  difference  between  the  true 
and  apparent  latitude,  is  called  the  Parallax  in  Latitude. 

50.  The  point  in  the  ecliptic,  which  is  above  the  hori- 
zon, and  at  OO''  distance  from  the  intersection  of  the  eclip* 
tic  and  horizon,  is  called  the  JSTonagesimal  Degree  of  the 
Ecliptic. 

51.  The  data  usually  given  to  calculate  the  moon's 
parallax  in  longitude  and  latitude,  are  the  moon's  true 
longitude,  and  its  latitude,  or  distance  from  the  north  pole 
of  the  ecliptic,  its  horizontal  parallax,  the  obliquity  of  the 
ecliptic,  the  latitude  of  the  place,  and  the  right  ascension 
of  the  mid-heaven. 

On  account  of  the  spheroidal  figure  of  the  earth,  the 
horizontal  parallax,  at  any  given  time,  is  different  at  dif- 
ferent places  (5.12).  The  parallax  for  a  given  place  is 
called  the  Reduced  Parallax.  If  the  earth  were  a  sphere, 
having  a  radius  equal  to  the  straight  line  joining  the  given 
place  and  the  centre,  it  is  evident  that  the  parallax  for  all 
parts  of  it  would  be  the  same  as  the  reduced  parallax  for 
the  given  place.  It  is  also  plain,  from  the  definition  (4.1 1), 
that  the  reduced  latitude  of  any  place  is  its  latitude  on  the 
supposition  of  the  earth  being  a  sphere.  If,  therefore,  the 
14 
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reduced  latitude  and  parallax  be  used,  the  earth  may  be 
coDsidered  as  a  sphere,  which  will  simplify  the  investiga- 
tions for  finding  the  parallax  in  longitude  and  latitude. 

52.  Let  pPCD  be  a  great  circle,  passing  through  p  and  P,  and  pZnl 
another,  passing  through  p  and  Z.  Because  P  is  the  pole  of  £Q,  the 
pole  ofi^PD  is  in  £Q ;  and  because  p  is  the  pole  of  EC,  the  pole  of pPD 
is  in  EG ;  the  point  E,  in  which  EQ  and  EC  intersect  each  other,  is, 
therefore,  the  pole  of /iPD  ;  and  consequently,  ED  and  EC  are  each  90^« 
In  like  manner,  because  Z  and  p  are  the  poles  of  liR  and  EO,  the  point 
O,  is  the  pole  of  pZnl,  and  On  and  OI  are  each  90°.  Consequently,  n  is 
the  nonagesimal  degree  of  the  ecliptic.  Alao,  En  is  the  longitude  of 
the  nonagesimal  degree,  and  nl  is  its  altitude.  These  quantities  are  used 
in  finding  the  parallax  in  longitude  and  latitude,  and  must  first  be  found. 

63.  Put 
If  SM  Pp  B  obliquity  of  the  ecliptic. 
H  a*  ZP  Bs  complement  of  the  reduced  latitude, 
MsaEMs  right  ascension  of  the  mid  heaven, 
n  a  En  n  longitude  of  the  nonagesimal, 
&  =  pZ  a  90°  —  Zn  a  nl  S3  altitude  of  the  nonagesimal, 
L  =  Ea  SB  moon's  true  longitude, 

A  apA»  moon's  true  distance  from  north  pole  of  the  ecliptic, 
m  =  moon's  horizontal  parallax,  reduced, 
n  Bs  moon's  parallax  in  longitude, 
V  as  moon's  parallax  in  latitude. 

In  the  triangle  pPZ,  we  have  given  Pp,  PZ,  and  pFZ  a  180<^  —  ZPD 
.  180°  —  DM  =  180°  —  (90°  —  EM)  «  90°  +  EM  =  90°  +  M,  to 
find  pZ  =  the  altitude  of  the  nonagesimal,  and  PpZ  a  Cn  ss  90°  —  En 
=  the  complement  of  the  longitude  of  the  nonagesimal. 

LONGITUDE  OF  THE  NONAGESIMAL. 

LetS-PpZ  +  PZp,  D«PpZ  — PZp,  E«180°  — iS,  and  F- 
180°  —  i  D.    then  ( App.  41), 

,  ^       cos  t  f  H  — *  m") 

^cosi(H--.) 

COS  1  (H  +  •»)  ^  ' 

cosi  (H  — «) 
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or  ton  E  ==551*1^  —  ^)   tan  i  (M  — 9(y>). 
cos  i  (H  +  »^)  ^  ^ 

Again  (App.  42), 

Whence,  bj  transforming  as  above  we  have, 

tao  F-""*i"7i.  tan  i  (M-90O). 

Now  i  S  +  i  D  a PpZ  «  90^  —n. 

Hence,  »  =  90°  —  ( J  S  +  i  D), 
orn«450°— (i  S  +  J  D)  -  180°— i  8  +  180^  — i  D  +  90^ 
Consequently,  n  =  E  +  F  +  90°,  rejecting  860°,  when  the  sum  ezceadf 

that  number. 

ALTITUDE  OF  THE  NONAOE8IMAL. 

We  have  (App.  44), 

PARALLAX  IN  LONGITUDE. 

64.  The  triangle  ApB^  gives, 

.     .    n      sin  AB  sin  ZBp 

sm  n  ■■  sm  ApB  s« : — r 

sin  Ap 

sin  m  sin  (N  +  ft)  sin  ZBp 

In  the  triangle  ZpB, 

the  angle  ZpB  afi6ana  +  a&  =  Ea  —  En+  abmsL  —  fi  +  Of 

-•   .    rvn        sin  »Z  sin  ZpB       stn  A  sin  (L  —  n  4-  n) 

and  sin  ZBp  —  — ^.    „^  ^    = .    ;^  . — r -. 

^  sm  ZB  sm  (N  +  p) 

„  sin  9  sin  A   .     .,  .  _.  ^^. 

Hence  sin  n  n : sm  (L  —  »  +  n)  (C). 

sm  A  ^  ^   ' 

PARALLAX  IN  LATITUDE. 

65.  The  triangles  pZA  and  pZB  give  (App.  34), 

„-.      cos  Ap  —  cos  Zp  cos  Z A       cos  Bp  ^  cos  Zp  cos  ZB 
sin  Zp  sin  ZA  sin  Zp  sin  ZB  ^ 

cos  A  —  cos  A  cos  N  _  cos  ( A  +  y)  —  cos  A  cos  (N  +  p) 
*^'*  sin  N  sm  (N  +  p) 

coe  Asin(N  +p) — cos  A  cos  N  sin  (N  +  p)  «■  cos  ( A  +  «•)  sin  N  — 

cos  &  sin  N  cos  (N  +  p) 
coi  (A  +  «)  sin  N  a  cos  A  sin  (N  +  p)  —  CM  &  [sin  (N  +p)  coa  N«— 
eoa  (N  +  p)  sin  N] 
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Bs  COS  A  sin  (N  +  p)  —  cos  h  sin  p  (App.  13) 

SB  cos  A  sin  (N  -f  p)  —  cos  h  sin  m  sin  (N  +  p)  (6.5) 

=  sin  (N  +  p).  (cos  A  —  sin  «r  cos  k.) 

Therefore,  cos  (A  +  ?r)  =*  i — ''  N        ^*^^  ^  —  ^^^  ^®  *^' 
^      sin  Ap  sin  ZpA  __       sin  Bp  sin  ZpB 

But,  r,.  «  8»n  pZB  =  rjn 

sm  ZA  '^  sin  ZB 

sin  A  sin  (L — n)       sin  (a  +  y)  sin  (L  —  n  +  n) 

'  sin  N  sin  (N  +  p) 

sin  (N  +  p)       sin  (a  +  *)  sin  (L  —  n  +  n)  ^-jv 

sin  N  sin  A  sin  (L  — n) 

„  ,      ,     V       sin  (a  +  »)  sin  (L  —  n  +  n)    , 

Hence,  cos  (a  +  »)  —  — ^    T       .    ,\ ; -*  (cos  a  —  sm  9 

^  '  sin  A  sin  (L  —  n)  ^ 

cos  h) 

,     .       8in(L  —  II  +  n)  , 

'  sin  (L  —  n)       '' 

sin  m  cos  h 


.     .     N       Sin  (L  — » +  n)  ,    ,  sin  •  cos  h .  ,„. 

cot  (A  +  »)  — ^-7^ ^V^.  (cot  A r-- ,)  (E) 

^  '  Sin  (L  —  n)  sm  A 


Make  tan  x  1 


sm  A 


Then,  cot  (a  +  «•)  «  — ^-tt -V-  •  (co*  ^  —  tan  a?) 

^  '  sin  (L  —  n)        ^ 

—  s^P  (L  —  n  +  n)    /cos  A sin  x\ 

""        sio  (L  —  n)         \8in  A      cob«/ 

sin  (L  —  n-f  n)  cos  A  cos  a?  —  sin  A  sin  x 

sin  (L  —  It)     *  sin  A  cos  OP 

sin  (L  — «  +  n)  cos  (a  +  «)  .«v 

Sin  (L  —  r)  sin  A  cos  x  ^ 

The  apparent  polar  distance  (a  +  v)  being  calculated  bj  either  of  the 
formulse  (£)  and  (F),  we  have  v  ss  ( a  +  v)  —  A. 

56.  We  may  obtain  formulas  that  will  give  the  parallax  in  latitude, 
without  first  finding  the  apparent  latitude,  and  which  in  some  cases  maj 
be  more  convenient  than  thosQ  in  the  last  article. 

We  have  (65.  E) 

sin  (L  —  n)  cot  (A  +  y)  _  sin  ^  cos  A 

sin  (L  — 11+  n)  sin  A 

__  sin  w  cos  A  sin  (L  —  n)  cot  (A  +  w) 
sin  A  sin  (L  —  n  +  n) 

cot  A— cot(A  +»)«."°^^*  — cot  (A  +  ,r^  -f 
sin  A  ^ 

sin  (L  —  n)  cot  (A  +  v) 

sin  (L  —  n  -f  n)        * 

Hence  (App.  27), 

sin  «r  sin  «  cos  A 


sin  A  sin  (A  +  ^)  sin  A 
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cot  (A  +  w)  [sin  (L  —  It  +  n)  —  Bin  (L  —  »)] 
sin  (L  —  «-f  n) 
sin  <y  cos  A       2  sin  i  n  cos  (L  —  «  +  i  n)  cot  (A  -f  w) 
sin  A  siu  (L  —  n  +  n) 

(App.  21) 
sio  V  s  sin  9  cos  A  sin  (A  +  «*)  -^ 

2  sin  i  n  sin  A  cos  (L  —  »  +  j  n)  cos  (a  -f  ») 
sin  (L  —  n  -f  n) 
^  sin  «r  cos  h  sin  (A  +  if) 

sin  n  sin  A  cos  (L  —  ti  4-  ^  n)  cos  (A  +  w) 

cos  i  n  sin  (L  —  n  +  n)  '    ^^'    ^ 

Bat  (54.C),  -: — yz r  =3  sin  «  sin  h.     Therefore, 

^  sin  (L  —  a  -f  n) 

sia  V  as  sin  «  cos  h  sin  (a  +  v) 

sin  m  sin  h  cos  (L  —  n  +  i  n)  cos  (a  +  «•) 

cos  in  ^    ^ 


EFFECT    OF    PARALLAX   ON   THE    APPARENT    DIAMETER    OF   THE 

MOON. 

57.  The  moon'  is  nearer  to  any  place  on  the  earth^s 
surface  when  it  is  elevated  above  the  horizon,  than  when 
it  18  in  the  horizon.  The  angle  under  which  its  diameter 
is  seen,  will  therefore  be  greater  in  the  former  case,  than 
in  the  latter. 

Let  i  s  moon's  horizontal  semidismeter, 

y  B  moon's  apparent  semidiameter  at  a  given  situation  abo?e  the 
horizon.     Then  (7.13), 

my      D  _  BC       sin  BAZ       sin  (N  +  p) 

^j^«g;-(J'^.6)^g«-j~— g-       sinN  (^-^^ 

^s,n(A+>)sin(L-t,-|.n) 

sin  A  sin  (L  —  n)  ^  ' 

„  .    -,      sin  Jsin(A  +  flr)8in  (L  — «  + n)  ,„. 

Hence  sin  y  = ^ /  ,,   ^ — r '  (H) 

sin  A  sin  (L  —  «)  ^ 
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CHAPTER  XI. 

ECLIPSES  OP  THE  SUN  AND  MOON. OCCULTATIONS. 

1.  As  the  moon  is  an  opaque  body,  and  shines  only  by 
reflecting  the  sun's  light,  when,  at  the  time  of  full  moon, 
it  enters  the  earth's  shadow,  it  must  become  eclipsed.^ 
When,  at  the  time  of  new  moon,  the  moon  passes  between 
the  sun  and  a  spectator  on  the  earth,  it  must  occasion,  to 
him,  an  eclipse  of  the  sun. 

2.  If  we  suppose  the  sun  and  earth  to  be  spheres,  as 
they  are,  very  nearly,  the  sun  being  much  larger  than  the 
earth,  the  shadow  of  the  earth  must  have  the  form  of  a 
cone,  the  length  of  which  depends  on  the  magnitudes  of 
the  bodies,  and  on  their  distance  from  each  other.  The 
moon^s  shadow  is  also  conical,  but  of  much  less  extent 
than  that  of  the  earth. 

earth's  shadow. 

3.  Let  AB6  and  abg^  Fig.  26,  be  sections  of  the  sun 
and  earth,  by  a  plane  passing  through  their  centres  S  and 
£,  and  AaC  and  66C,  tangents  to  the  circles  A6G  and 
abg.  Disregarding,  at  present,  the  action  of  the  earth's 
atmosphere,  in  changing  the  direction  of  those  rays  of  the 
sun  which  pass  through  it,  the  triangular  space  aCb  will 
be  a  section  of  the  earth's  shadow. 

The  line  EC  is  called  the  Axis  of  the  earth's  shadow. 

4.  With  a  view  to  conciseness  of  expression  in  some  of 
the  succeeding  articles,  we  shall  put  R  «=  E6  «  radius  of 
the  earth,  P  =  moon's  horizontal  parallax,  p  =  sun's  hori- 
zontal parallax,  (/»  moon's  apparent  semidiameter,  and 
i  B  sun's  apparent  semidiameter. 

X  The  earth's  shadow  extends  to  more  than  three  times 
the  distance  of  the  moon. 

Pulii  =  206264".8(6.8). 
From  the  triangle  EBC»  we  have, 

S£B  =  ECb  +  EBb,  or  J  »  ECft  +  p. 
Therefore,  £C6  »  ) — p, 

and  EC -.^47^  ^ -^  •.^. 
BinECh       EC*       I— p 
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Now  (5.8),  the  moon^s  diatance  from  the  earth  «■  —^  • 

Hence,  as  ^  —  p  never  amounts  to  17'  and  P  always  exceeds  63',  the 
distance  EC  is  more  than  three  times  the  aiooo*s  distance  from  the  earth. 

6.  Let  hMh!  be  a  circular  arc,  described  with  the  centre 
£,  and  a  radius  equal  to  the  dbtance  between  the  centres 
of  the  earth  and  moon ;  and  let  Adh  and  Bch'  be  tangents 
to  the  sections  of  the  sun  and  earth,  crossing  each  other 
between  them. 

When  any  part  of  the  moon  enters  the  space  between 
the  lines  dh  and  6C,  that  part  will,  evidently,  be  deprived 
of  a  portion  of  the  sun's  light,  and  will  therefore  appear 
less  bright.  As  the  moon  approaches  the  line  6C,  its  light 
continues  to  be  diminished ;  and  when  the  edge  comes  in 
contact  with  6C,  the  eclipse  commences.  Hence  there  is 
a  gradual  diminution  of  the  moon's  light,  previous  to  the 
commencement  of  an  eclipse  of  the  moon.  There  is  also 
a  gradual  increase  in  the  light  after  the  eclipse  has  ended. 
This  is  conformable  to  observation. 

7.  If  we  suppose  the  line  <A  to  revolve  about  EC,  its 
inclination  to  EG  continuing  the  same,  and  thus  to  form 
the  surface  of  the  frustum  of  a  cone,  of  which  cdhh'  is  a 
section,  the  space  included  within  that  surface  is  called 
the  Penumbra.  The  earth's  shadow,  of  which  aCb  is  a 
section,  is  sometimes  called  the  Umbra. 

8.  The  moon  sometimes  enters  the  penumbra,  and  again 
passes  out,  without  any  part  entering  the  umbra  or  real 
shadow.  In  such  cases,  it  sustains  a  diminution  of  its 
light,  but  is  not  said  to  be  eclipsed. 

9.  Any  section  of  the  earth's  shadow  or  of  the  penum- 
bra, by  a  plane  perpendicular  to  the  axis  of  the  shadow,  is 
a  circle.  If  we  suppose  such  a  section  of  the  shadow  and 
penumbra  to  be  made  at  the  distance  of  the  moon,  the 
apparent  semi-diameter  of  the  section  of  the  earth's 
shadow,  as  seen  from  the  centre  of  the  earth,  is  called  the 
Semi-diameter  of  the  EartVs  Shadow;  and  the  apparent 
semi-diameter  of  the  section  of  the  penumbra,  is  called 
the  Semi-diameter  of  the  Penumbra. 
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The  angle  MEm  is  the  semi-diameter  of  the  earth's 
shadow,  and  the  angle  ME^'  is  the  semi-diameter  of  the 
penumbra. 

10.  The  serni-diameter  of  the  earth's  shadow  is  equal 
to  the  sum  of  the  moon's  and  sun's  horizontal  parallaxes, 
less  the  apparent  semi^liameter  of  the  sun. 

In  the  triangle  EmC,  we  have, 

the  angle  mEM  »  Emb  —  ECm. 
Now,  the  angle  mEM  is  the  semi-dianieter  of  the  earth's  shadow,  Emb 
»  the  moon's  horizontal  parallax  a  P,  and  ECm  as  j — p  (5). 
Hence, 
Semi-diameter  of  the  Earth's  Shadow  sa  p  — ()_p)  =sV  +  p  —  h 

11.  The  diameter  of  the  earth's  shadow,  at  the  moon, 
is  more  than  double  the  apparent  diameter  of  the  moon, 
and  consequently  the  moon  may  be  entirely  enveloped  in . 
the  shadow. 

If  we  take  P  ==  57'  22",  p  »  e^'.e,  and  i  «  16'  1".3,  we  obtain  the 
mean  semi-diameter  of  the  earth's  shadow  =  41'  29".3,  and  consequently 
the  mean  diameter  ^  82'  68".6  ;  which  is  more  than  twice  the  apparent 
diameter  of  the  moon. 

12.  If,  at  the  time  of  full  moon,  the  apparent  distance 
of  the  moon's  centre,  from  the  axis  of  the  shadow,  does 
not  become  less  than  P  +;}  -|-  d — i,  there  cannot  be  an 
eclipse. 

When  the  edge  of  the  moon  touches  the  earth's  shadow,  its  centre  is  at 
a  distance  from  it,  equal  to  the  moon's  semi-diameter.  If  therefore,  to 
the  semi-diameter  of  the  shadow,  we  add  the  moon's  semi-diameter,  we 
have  the  distance  of  the  mobn^s  centre  from  the  axis  of  the  shadow,  at  the 
beginning  or  end  of  an  eclipse  of  the  moon,  equal  V  +p  +  d  —  J. 

13.  The  distance  of  the  moon's  centre  from  the  axis  of 
the  shadow,  at  the  time  of  full  moon,  depends  on  the 
moon's  distance  from  the  node,  and  on  the  inclination  of 
the  orbit.  We  may,  for  a  given  inclination  of  the  orbit, 
and  given  value  of  P  +/?  +  d —  ^,  determine  within  what 
distance  from  the  node  the  moon  must  be,  in  order  that 
an  eclipse  may  take  place. 
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By  taking  the  least  and  greatest  inclinations  of  the  orbit, 
the  greatest  and  least  values  of  F  +  p  +  d —  i,  and  also 
taking  into  view  the  inequalities  in  the  motions  of  the  sun 
and  moon,  it  has  been  found,  according  to  Delarabre,  that 
when  at  the  time  of  mean  full  moon,  the  difference  of  the 
mean  longitudes  of  the  moon  and  node  exceeds  12^  36', 
there  cannot  be  an  eclipse ;  but  when  this  difference  is  less 
than  9»  there  must  be  one.  These  numbers  are  called  the 
Lunar  EkUptic  Limiis. 

14-  From  tables  of  the  mean  motions  of  the  sun,  moon, 
and  node,  the  mean  time  of  any  full  moon,  and  the  differ- 
ence of  the  mean  longitudes  of  the  moon  and  node,  at  that 
time,  are  easily  obtained.  Then  by  the  lunar  ecliptic 
limits,  we  know  whether  or  not  there  will  be  an  eclipse, 
except  when  the  difference  of  longitudes  of  the  moon  and 
node,  is  between  9""  and  12''  36',  in  which  case  further  cal- 
culation is  necessary. 

15.  We  have  hitherto  considered  the  earth's  shadow  as 
limited  by  those  rays,  which,  passing  from  the  edge  of  the 
sun,  touch  the  corresponding  side  of  the  earth.     But  it  is 
found  that  the  observed  duration  of  an  eclipse  of  the  moon 
always  exceeds  the  duration  computed  on  the  supposition 
of  the  shadow  being  thus  limited.     This  is  accounted  for, 
by  supposing  the  most  of  those  rays  of  light  which  pass 
near  the  surface  of  the  earth  to  be  absorbed  by  the  earth^s 
atmosphere,  as  the  effect  of  such  an  absorption  would 
evidently  be  an  increase  in  the  extent  of  the  earth's  shadow. 
In  consequence  of  the  gradual  diminution  of  the  moon's 
light,  previous  to  its  entering  the  earth's  shadow,  and 
gradual  increase  on  leaving  it  (6),  the  time  of  the  com- 
mencement or  end  of  a  lunar  eclipse  cannot  be  observed 
with  great  accuracy.     Astronomers  therefore  differ  with 
regard  to  the  amount  of  the  correction  which  should  be 
made.    It  is,  however,  usual  in  computing  an  eclipse  of  the 
moon,  to  increase  the  semi-diameter  of  the  earth's  shadow 
by  a  sixtieth  part;  or  which  amounts  to  the  same,  to  add  as 
many  seconds  as  the  semi-diameter  contains  minutes. 
16.  There  is  another  effect  of  the  earth's  atmosphere, 
15 

Digitized  by  VjOOQ IC 


1)4  ASTROFOMY. 

which  is  perceptible  in  eclipses  of  the  moon.  Thoaerays 
of  the  san  which  enter  the  earth's  atmosphere  and  are  not 
absorbed,  have  their  directions  changed,  so  as  to  meet  at 
a  less  distance  than  they  otherwise  would  do.  The  rays 
through  the  atmosphere  near  the  sur&ce  of  the  eai^th,  are 
so  much  converged  as  to  meet  at  a  distance  from  the 
earth,  less  than  that  of  the  moon.  In  this  way  a  sufficient 
quantity  of  light  is  thrown  on  the  moon  to  render  it  visible, 
even  when  it  is  in  the  middle  of  the  shadow.  It  then 
appears  with  a  dull  reddish  light 

17.  As  an  eclipse  of  the  moon  is  occasioned  by  a  real 
loss  of  light  on  the  moon,  and  not  by  the  interposition  of 
any  body  between  the  moon  and  the  spectator  on  the  earth, 
it  must  present  the  same  appearance  to  all  those  who  have 
the  mooa  above  their  horizon  during  the  eclipse,  and  oh* 
serve  it  at  the  same  time.  It  will  be  shown  that  the  case 
is  different  with  eclipses  of  the  sun. 

18.  The  semi-diameter  of  the  earth^s  penumbra  is  equal 
to  the  sum  of  the  moon's  horizontal  parallax,  sun's  hori* 
zontal  parallax,  and  the  apparent  semi-diameter  of  the 
sun. 

From  the  triangles  ELA',  and  ELB,  we  have, 

MEA'  «  EA'c  +  ELc  =  EA'c  +  EBc  +  SEB. 
But  EA'c  B  P,  EBc  «  p,  and  SEB  »  %.    Hence, 
Sem-diniMier  of  the  penumbra  »  P  +  p  + 1. 

moon's  shadow. 

19.  The  length  of  the  moon's  shadow  is  about  equal  to 
the  distance  of  the  moon  from  the  earth.  At  the  time  of 
new  moon,  the  shadow  sometimes  extends  beyond  the 
earth,  but  more  frequently  it  does  not  quite  reach  it.  This 
difference  depends  in  part  on  a  change  in  the  length  of 
the  shadow  itself,  resulting  from  a  change  in  the  moon's 
distance  from  the  sun,  but  principally  on  the  change  in  the 
distance  of  the  moon  from  the  earth. 

Let  DOW  agh  be  considered'as  a  section  of  the  moon,  and  M  the  centre 
of  the  earth,  theD,  the  same  figure  will  answer  for  determining  the  difler- 
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«Dt  eireamsUnces  relative  to  the  mooa'a  sbadoWf  that  have  been  fbood 
for  the  earth's  shadow.     Put, 

R  ^  radius  of  the  eaith 

R'  ss  E&  =  moon's  radius, 

j»'  s  EB5  ss  sun's  horizontal  parallax  for  the  moon, 

¥  =>SEB  A  sun's  apparent  semi-diameter  at  the  moon. 
We  have,  (5.8) 

SM  =  — .andEM^^- 
Now,  ES  =  SM-EM  -  5:!? _ ^  »  5:!L^jziO. 

p       p  p.p 

R.n.l 
SMJ  "^  P.I 


Hence,  (7.13)  y=,^^«^^ 


ES         R.n  (P— p)       P  —  j>' 

We  have  also  (7.16)  R'  «  ^,  and  SB  »  H  .  ^. 
_,      ©.R'-l"        »    R.d     P.J  p.d 

»«^''' -^-£y  T- P^T^- P^' 

Rd.ii 

*"•' ^^ - EcB  =  f=?  "  ;pJ73^pX 

p—p    p— p 

R.d.ii(P— p)  _  R^  P— j> 

"(P.a-p.d).p  -  P'ip_p 

/ 

R  M 

In  the  hist  expression  for  the  value  of  EO,  the  factor  ~-  expresses  the 
moon's  distance  from  the  centre  of  the  earth.     And  it  is  evident  the  other 

p-p 

Actor  Jfp is  greater  than,  equal  to*  or  less  than  a  unit,  aeeording  as  d 

a 

is  greater  than,  equal  to,  or  less  than  i.  Hence  the  moon's  shadow  extends 
beyond  the  centre  of  the  earth,  just  to  it,  or  not  so  far,  according  as  the 
moon's  apparent  diameter  is  greater  than,  equal  to,  or  less  than  the  sun'tf 
apparent  diameter. 

The  mean  apparent  diameter  e(  the  noon  is  less  than  that  of  the  sob  ; 
and  IB  any  given  period,  the  time  for  which  the  true  apparent  diameter  of 
the  moon  is  less  than  that  of  the  sun  is  greater,  than  the  time  during 
which  it  is  greater.  Hence  it  will  occur  that  at  the  time  of  new  moon, 
the  apparent  diameter  of  the  moon  wifl  more  frequently  not  he  so  great  av 
that  of  the  sun,  than  that  it  will  be  greater. 

20.  Tke  apparent  semi-Kliainetef ,  as  seen  from  the 
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moon,  of  a  section  of  the  moon^B  shadow  at  the  earth,  is 
equal  to, 

From  the  triangle  mEC,  we  have, 

»iEM  =  Em6  — ECot  =  d  — (y— p')  =  d  +p'_ y  «  (19),  d  + 

p.d  PJ         P.d-PJ  P 

—     =(d  — J). 


P_p       P-p  P-p     ~^'-        'P  — P 

21.  The  greatest  breadth  of  the  moon's  shadow,  at  the 
earth,  is  about  rV  part  of  the  earth's  diameter.  The  ex- 
pression for  the  breadth  is. 

To  obtain  the  breadth,  we  have, 
__         EM- angle.  M Em       1   R-n  (d— ^).P     d  —  i^ 
^^ n n-  "P  •     P_p    ^W^'  * 

d—  i 

or  mm'  =»  2  Mm=  •=r .  2  R. 

P— p 

If  we  take  d  =  1006'\6,  ^  =  946",  P  «  3692",  and  p  =  8".6,  which 

are,  the  greatest  value  of^d,  least  of  J,  and  the  corresponding  values  of  P 

and  p,  we  evidently  obtain  the  greatest  value  of  mm'.    These  numbers 

give, 

««'  =  l5i.2R      il.2R=l.  2  R  nearly. 

22.  As  the  sun  can  only  be  entirely  eclipsed  at  those 
parts  of  the  earth's  surface  on  which  the  moon's  shadow 
falls,  it  is  evident  from  the  preceding  article,  that  in  the 
most  favourable  cases,  this  phenomenon  can  only  have 
place  for  a  small  portion  of  the  earth's  surface,  at  the  same 
instant  of  time.  But  in  consequence  of  the  moon's  motion, 
the  shadow  traverses  the  surface  in  an  easterly  direction, 
and  thus  passes  over  successive  portions.  The  greatest 
breadth  of  the  surface  that  the  shadow  can  in  any  eclipse 
thus  pass  over,  excepting  towards  the  poles,  is  about  iV 
part  of  the  earth's  diameter,  or  130  miles. 

23.  When  for  a  point  on  the  earth,  in  the  right  line 
passing  through  the  centres  of  the  sun  and  moon,  </=  ^, 
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the  breadth  of  the  shadow  will  be  nothing.  Id  this  case, 
the  suD  will  be  entirely  eclipsed,  but  it  will  not  continue  so 
for  any  perceptible  time.  When  d  is  less  than  ^,  the  ex- 
pression for  the  breadth  of  the  shadow  becomes  negative; 
the  rays  from  the  edge  of  the  sun,  which  pass  near  the 
moon,  crossing  each  other,  in  that  case,  before  they  arrive 
at  the  earth.  In  those  parts  of  the  earth  where  this  has 
place,  the  edge  of  ike  sun  will  appear  as  a  ringj  surrounding 
Aetnoon. 

The  greatest  breadth  at  the  earth,  of  the  part  of  the 
penumbra  intercepted  between  the  extreme  crossing  rays, 
is  about  sV  part  of  the  diameter  of  the  earth,  or  2.33  miles. 
Consequently  the  breadth  of  the  space  extending  across 
the  earth^s  surface,  within  which  the  phenomenon  just 
mentioned  will  have  place,  may  in  some  cases  extend  to 
about  233  miles ;  but  excepting  towards  the  poles  it  can- 
not much  exceed  this  distance. 

CbaDgiDg  the  expression  p^--  ^  R  (^0>  to  p~    .  2  R,  and  taking 

the  greatest  value  of  3,  least  value  of  d,  and  corresponding  values  of  P 
and  p,  we  have, 

P  —  p  3232—9  34 

24.  The  apparent  semi-diameter,  as  seen  from  the 
moon,  of  a  section  of  the  moon's  penumbra,  at  the  earth, 
is  equal  to 

(rf  +  a).    P 

From  the  triangles  ELA'  and  ELB,  we  have, 
MEA'  =  Eh'c  +  ELc  =  Ehfc  +  EBc  +  SEE  =d4.j/  +  y  =  d  + 

p.d  PJ        P.d  +  P.a  P 

pZTp  +  pZ:]^='-pZ:7-  =  (**  +  ^)- pZTJ- 

25.  The  greatest  breadth  of  the  moon's  penumbra,  at 
the  earth,  is  a  little  more  than  half  the  earth's  diameter. 
The  expression  for  the  breadth  is, 
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To  obtain  the  breadth,  we  have, 
--.,      EM.  ung.  ME&'      1   R.n  (d  +  J).  P     d  +  i  „ 

and  AA'  =  2  MA'  i=  i-±i.  8  R. 
P— p 

Taking  d  =  881",  i  =  977".3,  P  »  32S2"  and  p  «  6".%  we  obtain  the 

greatest  yalue  of, 

26.  As  no  part  of  the  sun  can  be  hid  by  the  moon,  at 
those  parts  of  the  earth  which  are  without  the  penumbra, 
the  sun  may  be  wholly  visible  for  a  large  portion  of  the 
earth,  while  it  is  eclipsed  either  in  part  or  entirely,  in 
other  parts, 

27.  If,  at  the  time  of  new  moon,  the  apparent  distance 
of  the  sun  and  moon  does  not  become  less  than  P — p  + 
c?  +  i,  there  cannot  be  an  eclipse  of  the  sun  to  any  part  of 
the  earth. 

Again,  considering  n^&as  a  section  of  the  earth,  let  M^  be  the  place  pf 
the  qioon's  centre,  when  in  the  conical  surfacei  which  circumscribes  the 
sun  and  earth.    Then  the  angle, 

M'ES  =  EM'^  +  EC&  =  P  — p  +  ^. 

If  to  the  value  of  M'ES,  we  add  the  apparent  semi-diameter  of  the  moon, 
we  shall  have,  for  the  apparent  distance  of  the  centres  of  the  sun  and  moon, 
at  the  beginning  or  end  of  an  eclipse  of  the  sun,  the  expression  P  —  ji  + 
d  +  i. 

28.  From  the  expression  P  — p  +  rf  +  *,  by  taking  into 
view  the  inclination  of  the  orbit,  and  the  inequalities  in 
the  motions  of  the  sun  and  moon,  it  has  been  found,  ac- 
cording to  Delambre,  that  when  at  the  time  of  mean  new 
moon,  the  difference  of  the  mean  longitudes  of  the  moon 
and  node  exceeds  1 9^  2^,  tbere  cannot  be  an  eclipse  of  th« 
sun ;  but  when  this  difference  is  less  than  13°  14',  there 
must  be  one.  These  numbers  are  called  the  Sohr  EeUptic 
Ldmiis. 

29.  As  the  solar  ecliptic  limits  exceed  the  lunar,  eeKpses 
of  the  sun  must  occur  more  fsequently  than  those  of  the 
moon.    But  as  the  former  are  oaly  visible  to  some  parts 
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of  that  portion  of  the  earth,  which  has  the  sun  above  the 

horizon  during  the  eclipse  (26),  and  the  latter  to  the  whole 
of  that  portion  which  has  the  moon  above  the  horizon 
(17),  there  are,  for  any  given  place,  more  idsible  eclipses  of 
the  mocHi  than  of  the  sun. 

NUMBER  OP  ECLIPSES  IN  A  YEAR. 

30.  From  the  solar  and  lunar  ecliptic  limits,  and  the 
motions  of  the  sun,  moon,  and  node,  it  is  found  that  the 
greatest  number  of  eclipses  that  can  take  place  in  a  year 
is  seven;  and  that  the  least  number  is  two. 

When  there  are  seven  eclipses  in  a  year,  five  are  of  the 
sun,  and  two  of  the  moon.  When  there  are  only  two,  they 
are  both  of  the  sun.  In  every  year  there  are  at  least  two 
eclipses  of  the  sun. 

DIFFERENT  KINDS  OF  ECLIPSES. 

31.  When  the  moon  just  touches  the  earth's  shadow,  or 
approaches  very  near,  without  entering  it,  the  circumstance 
is  called  an  Jppuke.  When  a  part,  but  not  the  whole  of 
the  moon,  enters  the  earth's  shadow,  the  phenomenon  is 
called  a  Far/ta/ eclipse  of  the  moon ;  when  the  moon  enters 
wholly  into  the  shadow,  it  is  called. a  Total  eclipse;  and 
when  the  centre  of  the  moon  passes  through  the  axis  of 
the  shadow,  the  eclipse  is  said  to  be  Central  An  exactly 
central  eclipse  of  the  moon  seldom  if  ever  occurs. 

With  regard  to  the  sun,  when  the  disc  of  the  moon  just 
touches,  or  approaches  very  near,  to  the  disc  of  the  sun, 
the  circumstance  is  called  an  Appulse.  When  the  moon 
obscures  a  part,  and  only  a  part,  of  the  sun,  the  eclipse  is 
said  to  be  Partial;  and  when  the  moon  obscures  the  whole 
of  the  sun,  the  eclipse  is  said  to  be  Total  When  the 
moon's  disc  is  entirely  interposed  between  the  spectator 
and  the  sun,  but  in  consequence  of  the  apparent  diameter 
of  the  moon  being  less  than  that  of  the  sun,  the  edge  of 
the  sun  is  seen  as  a  ring  surrounding  the  moon  (23),  the 
eclipse  is  called  Annular.  Lastly,  when  the  straight  line 
passing  through  the  centres  of  the  sun  and  moon,  passes 
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also  through  the  place  of  the  spectator,  the  eclipse  is  said 
to  be  Central. 

A  total  or  an  annular  eclipse  of  the  sun  is  only  visible 
for  a  small  portion  of  the  earth  at  the  same  time  (19,  22 
and  23).  The  continuance  of  either  for  any  given  place, 
is  also  short.  According  to  the  determinations  of  Dusejour, 
the  greatest  possible  duration  of  a  total  eclipse  is  about  8 
minutes,  and  of  an  annular  eclipse,  about  12  minutes.  In 
general,  the  durations  are  much  less. 

In  a  total  eclipse,  the  obscurity  is  such  as  to  render  the 
principal  stars  and  most  conspicuous  planets  distinctly 
visible. 

ECLIPSES  OP  THE  MOON. 

32.  The  apparent  distance  of  the  centre  of  the  moon 
from  the  axis  of  the  earth's  shadow,  and  the  arcs  of  the 
moon's  orbit  and  of  the  ecliptic  passed  through  by  these, 
during  an  ecUpse  of  the  moon,  being  necessarily  small, 
may  without  material  error,  be  considered  as  right  lines. 
We  may  also  consider  the  apparent  motion  of  the  sun  in 
longitude  and  the  motions  of  the  moon,  in  longitude  and 
latitude,  as  uniform  during  the  eclipse.  These  supposi- 
tions being  made  the  calculation  of  the  circumstances  of 
an  eclipse  of  the  moon,  is  very  simple. 

33.  Let  NF,  Fig.  27,  be  a  part  of  the  ecliptic,  NL  a  part  of  the  moon's 
orbit,  C  the  centre  of  a  section  of  the  earth's  shadow  at  the  moon,  CD 
perpendicular  to  NF,  a  circle  of  latitude,  and  M  the  centre'  of  the  moon 
at  the  instant  of  opposition.  Then  CM,  which  is  the  latitude  of  the  moon 
in  opposition,  is  the  distance  of  the  centres  of  the  shadow  and  moon  at 
that  time. 

Let  t  be  some  short  interval  of  time  expressed  in  hours,  and  parts  of  an 
hour,  and  let  C  and  M'  be  the  situation  of  the  entres  of  the  shadow  and 
moon  at  the  time  i  before  or  after  opposition.  Then  CM'  will  be  the 
distance  of  the  centres  at  that  time.  Draw  M'F  perpendicular,  and  AMB 
parallel  to  NF.  Then  CC  is  the  motion  of  the  centre  of  the  shadow  in 
the  time  f,  CF  is  the  moon's  motion  in  longitude,  and  HM'  its  motion  in 
latitude.  Now  as  the  longitude  of  the  centre  of  the  earth's  shadow  must 
always  differ  by  180%  from  the  longitude  of  the  sun,  the  apparent  motion 
of  the  sun  is  the  same  as  that  of  the  centre  of  the  shadow*  Therefore 
CC  expresses  the  sun's  motion  in  longitude  in  the  time  t.    And  coose- 
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^Mitly  CF  »  CF  -*  CC  =B  the  difference  of  the  moon's  and  uin's  mo-, 
tions  in  longitude,  in  the  time  t. 

34.  Make  C6  equal  to  CF,  and  GM^'  perpendicular  to  NF,  and  equal 
Id  FM'.  Then  CMf'=>  C'M'=  the  distance  of  the  centres  of  the  moon, 
and  earth's  sliadow  at  the  time  I,  from  opposition.  We  therefore  obtain 
the  distance  of  the  centres  of  the  moon,  and  shadow,  the  same,  if  instead 
of  allowing  to  each  its  proper  motion  we  suppose  the  centre  of  the  shadow 
to  remain  at  rest  at  C,  and  the  moon's  motion  in  longitude  to  be  equal  to 
lira  difference  of  the  motions  of  the  moon  and  SQn,*in  longitude. 

35.  From  Astronomical  Tables  we  can  get  the  hourly  motions  of  the 
sun  and  moon,  in  longitude,  and  the  moon's  hourly  motion  in  latitude. 
Tben  supposing  the  motions  uniform,  we  easily  obtain  their  falues  for 
any  other  short  interval  of  time.     Put 

T  =  time  of  opposition, 

i  s=  time  of  moon's  centre  passing  from  M  to  M', 

m  sss  moon's  hourly  motion  in  longitude, 

II  =s  moon's  hourly  motion  in  latitude, 

r  =:  sun's  hourly  motion  in  longitude, 

X  ss  moon's  latitude  at  opposition, 

I  »  angle  M"MR, 

a  =  P  +p  —  J  +  ?V  (P  +P  —  ^)  "■  ■•midiam. of  earth'ssha* 
dow  (10  and  15). 
Then  CF  »  mU,  CC  -  r.t  and  RiM"  »  HM' »  nJ, 
MR  -  CG  -  C'P  -  OF  —  CC  =  m.i—r.i  —  I.  (m  —  r),  tan.  I  - 

RM       I.  (wi— r)      m-^r 
As  the  ezpreseion  for  the  tangent  of  the  angle  M"MR  does  not  invoWe 
tf  it  is  evident  the  angle  itself  will  continue  the  same,  whatever  be  the 
value  of  I.     Hence  the  point  M"  moves  in  the  line  PMQ,  which  is  there- 
fore called  the  moon's  Relative  Orhit* 

36.  In  the  triangle  M''MR,  we  have, 

MM"  ^^        „  <.  (w  — r) 

'^^        cosM'MR**      cosl     ' 

The  distance  MM"  is  the  moon's  motion  on  the  relative  orbit,  in  the 

time  I.     If  we  take  I  ==  1  hour,  we  have, 

fn  — ~  r 
TAe  mocn'i  hourly  moHon  en  rekUive  orhU  ^ y, 

37.  Let  AB,  Fig.  28,  be  the  ecliptic,  C  the  centre  of  the  earth's  shadow 
at  the  time  of  opposition,  and  CK  perpendicular  to  AB,  a  circle  of  lali- 
lode.  Make  CM  »  x,  Mb  parallel  to  AB,  and  =  m  —  r,  and  be  parallel 
to  CK,  and  »  n.  Through  M  and  c,  draw  DMcH,  which  will  be  the 
moon's  relative  orbit.  With  the  centre  C  and  a  radius  =»  #,  describe  the 
circle  RLPI,  which  will  represent  the  section  of  the  earth's  shadow  at 
the  moon.     With  the*  same  centre  and  a  radius  =  #  +  d,  describe  arcs 

16 
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cutting  DH  in  D  and  H ;  tnd  with  a  radius  »  «  — - 1^  daterlbe  otlier  nes^ 
euttiog  DH  io  E  and  G.  From  C,  draw  CF  perpendicular  lo  DH.  Then 
supposing  the  moon  to  move  in  the  direction  DH,  it  is  evident  that  D  is 
the  place  of  the  moon's  centre  at  the  beginning  of  the  eclipse ;  E,  its  place 
at  the  beginning  of  the  total  eclipse ;  F,  its  place  when  nearest  the  centre 
of  the  shadow  ;  G,  its  place  at  the  end  of  the  total  eclipse  ;  and  H,  Its 
place  at  the  end  of  the  eclipse.  When#*-d  is  less  than  GF»  the  eclipse 
cannot  be  total. 

38.  Because  GD  »  GH,  and  GF  is  perpendicular  to  DH,  we  have  FD 
»  FH.  The  point  F,  therefore,  designates  the  moon's  place  at  the  middle 
of  the  eclipse.  * 

In  the  triangles  MFG  and  Mfe,  the  angles  F  and  b  are  right  aegtea ; 
and  because  he  Is  parallel  to  GM,  the  angle  FMG  »  Mc&«  Therefore^ 
MGF  ^  bMe  » I  (36). 

MIDDLE  OF  THE  ECLIPSE. 

39.  In  the  triangle  MGF, 

MF  r=:GM  sin  MGF  »xsin  I. 

But,  taking  x  » inter?al  of  time  between  the  middle  of  the  ecKpee  and 
Ihe  time  of  opposition,  we  have  (36),  '  - 

MF  =  'LS?^. 

COS  I 

„  «.  (m — r)  .    ,  X  sin  I  cos  I 

Hence,  -^ r-   =  A  sm  I,  or  a?  =» . 

cos  I  m  —  r 

Now  if  M  SB  the  time  of  the  middle,  we  obtain, 

M  =  T  +  *  =  TT?^-^^— . 
m  —  r 

The  upper  sign  must  be  used  when  the  kt'rtude  is  inereasing;  and  the 
loioeff  when  it  is  decreanng* 

The  nearest  distance  of  the  centre  is  GF  ^  x  cos  I. 

BEGINNING  AND  END  OF  THE  ECLIPSE. 

40.  Let  B  s=  the  time  of  beginning,  E  »  the  time  of  the  end,  and  or  ax 
the  interval  between  the  middle  and  either  of  these.     Then, 

'•iZLr-^  =.  DF  =  v/ DG^=FC« 
cos  I 

-«\/(*  +  d)»  — x«cosM 

«  \^  (*  +  d  —  X  cos  I).  («  +  d  +  X  cos  I 


COSI  V  (S  +  d XCOSI).  {8  +  d  +  XC09  I) 

m  —  r        • 
Hence,  B  »  M  —  Xf  and  E  =»  M  +'a;,  become  known. 
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BSGINNING  AND  END  OF  THE  TOTAL  SCLIPSE. 

41.  Put  B'  »  the  time  of  the  beginning  of  the  total  eclipse,  E'  o^tbe 
time  of  the  end,  and  z!  =  the  interval  between  each  of  these  and  the 
middle.    Then,  

cos  I\/(*  —  d  —  ACQS  I).  (*  —  d  +  cos  I) 

B'  »  M  — 0^,  and  F  »  M  +  x\ 

QUANTITY  OF  THE  ECLIPSE. 

42.  In  an  eclipse  of  the  moon,  it  is  usual  to  8u(9t>08e  that  diameter  of 
the  mooiH  which,  produced  if  necessary,  passes  through  the  centre  of  the 
shadow,  to  be  divided  into  twelve  equal  parts, called  Digits^  and  to  expreiw 
Ihe  quantity  of  tlie  eclipse  by  the  number  of  those  parts  that  is  contained 
within  tlie^shadow,  at  the  time  when  the  centres  of  the  moon  and  shadow 
are  nearest.  When  the  moon  is  entirely  within  the  shadow  as  in  total 
eclipses,  the  quan^ty  of  the  eclipse  is  still  expressed  by  the  number  of 
digits  of  the  moon's  diameter  which  is  contained  in  that  part  6f  a  radius 
of  the  shadow,  passing  through  the  moon's  centre,  which  is  intercepted 
between  the  edge  of  the  shadow  and  the  inner  edge  of  tho  moon«  Thus, 
the  number  of  digits  contained  in  SN,  expresses  the  quantity  of  the  eclipsa* 
represented  in  the  figure.  Hence,  if  Q  »  the  quantity  of  the  eclipse,  we 
have, 

NS       C8--CN     CS  —  (CF  — FN) 
ANV-    tVNV    ^  tVNV 

C3H-FN  — CF      12(C8  +  FN  — CF) 

"*         A^V  ""  JNV 

12  (#4-  d  — xcosi)     (#+d  — xcosi).  6 

""  2d  °*  d 

CONSTRUCTION  OF  AN  ECLIPSE  OF  THE  MOON. 

43.  The  times  of  the  different  circumstances  of  an  eclipse  of  the  moon 
may  easily  be  determined  by  a  geometrical  construction,  within  a  minute 
or  two  of  the  truth.  To  render  the  construction  explicit,  suppose  the 
time  of  opposition  to  be  8  h.  36  m.  20  sec.  on  some  given  day.  Then,  as 
60  minutes  :  35  m.'  20  sec.  :  :  moon's  hourly  motion  on  relative  orbit 
:  moon's  distance  from  the  point  M  at  8  o'clock.  If  this  distance  be 
taken  in  the  dividers,  and  laid  on  the  relative  orbit,  from  M  backwards  to 
the  point  8,  it  will  give  the  moon's  place  at  that  hour.  Then  taking  in 
the  dividers,  the  moon's  hourly  motion  on  the  relative  orbit,  and  laying  it 
on  the  orbit  from  8  to  9,  9  to  10,  10  to  11,  and  backwards,  from  8  to  7, 
and  7  to  6,  we  have  the  places  of  the  moon's  centre  at  those  hours  respec- 
tively. By  dividing  the  hour  spaces  into  quarters,  and  subdividing  these 
into  5  minute  spaces  or  minute  spaces,  we  easily  perceive  the  times  at 
which  the  moon's  centre  is  at  the  points  D,  E,  F,  G,  and  H. 
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ECLIPSES  OP  THE  SUN. 

44.  It  has  been  shown  in  a  preceding  article  (27),  that 
when  the  angular  distance  of  the  centres  of  the  sun  and 
moon  is  equal  to  P  — p  +  J  +  rf,  the  edge  of  the  moon  just 
touches  the  conical  surface  which  circumscribes  the  sun 
and  earth.  When  the  distance  of  the  centres  becomes 
less  than  P  — p  +  i  +  dj  and  as  long  as  it  continues  less, 
it  is  evident  the  moon  must  obscure  a  portion  or  the  whole 
of  the  sun's  light  to  some  part  of  the  earth's  surface.  The 
eclipse,  thus  considered  in  reference  to  the  earth  in  gene- 
ral, is  called  the  General  Eclipse.  The  times  of  the  begin- 
ning and  end  of  the  general  eclipse  may  be  obtained  either 
by  calculation  or  construction,  nearly  in  the  same  manner 
as  the  beginning  or  end  of  an  eclipse  of  the*  moon. 

45.  Although  the  calculation  of  the  general  eclipse  of 
the  sun  is  equally  simple  with  that  of  a  lunar  eclipse,  it  is 
very  different  when  the  object  is  to  determine  the  circum- 
stances of  the  eclipse  foi  any  particular  place.  Then,  it 
is  necessary  to  take  into  view  the  situation  of  the  place 
on  the  illuminated  surface  of  the  earth,  or,  which  amounts 
to  the  same,  to  consider  the  effects  of  parallax.  This  cir- 
cumstance renders  the  calculation  tedious,  at  least  when 
it  is  desired  to  give  to  the  results  all  the  accuracy  of  which 
the  problem  is  susceptible. 

46.  We  shall  first  give  a  method  of  obtaining  results  nearly  true,  by 
means  of  a  geometrical  construction.  When  the  construction  is  carefully 
performed)  on  a  large  scale,  the  error  in  the  time  of  beginning  or  end  will 
not  exceed  one  or  two  minutes.  This  method  will  therefore  suffice,  except 
considerable  accuracy  is  required.  We  shall  aflerward.?  give  a  method  of 
obtaining  by  caculation,  from  the  results  of  the  construction,  others  that 
will  be  more  accurate. 

The  earth  will  still  be  considered  as  a  sphere,  and  accordingly  the 
reduced  latitude  of  the  place,  and  the  reduced  parallax,  must  be  used 
(10.61> 

47.  A  section  of  the  earth  made  by  a  plane  passing  through  its  centre, 
perpendicular  to  the  line  joining  the  centres  of  the  earth  and  sun,  is  called 
the  Circle  of  lOundnaium,  It  forms  nearly  the  boundary  between  the 
enlightened  and  dark  parts  of  the  earth's  sur&ce.  As  the  sun  is  larger 
than  the  earth,  it  evidently  enlightens  a  small  portion  more  than  one  half 
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of  the  earth.    The  enlightened  part  U  still  further  increased  by  the  efiSset 
of  the  earth's  atmosphere  in  refracting  the  rays  of  light. 

48.  A  plane  between  the  earth  and  sun,  perpendicular  to  the  straight 
fine  joining  their  centres,  and  at  a  distance  from  the  earth^s  centre,  equal 
to  the  distance  of  the  centres  of  the  earth  and  moon,  is  called  the  PUme 
rf  Projection. 

49.  If  from  the  sun's  centre  to  every  point  in  the  circumference  of  the 
.  circle  o(  ilhimination,  straight  lines  be  conceived  to  be  drawn,  they  wiii 

form  the  surface  of  a  right  cone,  a  section  of  wliich,  by  the  plane  of  pro- 
jecuoo  is  a  circle,  and  is  called  the  Circle  cf  PrqjecHon. 

&0.  A  plane  passing  through  the  centre  of  the  sun  and  the  poles  of  the 
earth,  and  which  consequently  passes  through  the  earth's  centre,  is  called 
the  Universal  Meridian.  When,  by  the  diurnal  rotation  of  the  earth  oa 
its  aiLis,  any  place  on  its  surface  is  brought  to  coincide  with  this  plane, 
the  son  must  be  on  the  meridian  of  that  place. 

6f.  Let  S,  Fig.  £9,  be  the  centre  of  the  sun,  E,  the  centre  of  the  earth, 
TSTJ  the  plane  of  the  universal  meridian,  and  let  A13WT  and  PRQV, 
each  conceived  to  be  perpendicular  to  the  plane  of  the  paper,  be,  respec* 
tively,  the  circles  of  illumination  and  projection.  If  D  be  a  place  on  the 
earth*s  surface,  a  spectator  at  D  will  see  the  sun's  centre,  in  the  direction 
of  the  line  DS,  which  intersects  the  circle  of  projection  in  L.  The  point 
L  is  called  the  Prcjection  of  the  Sun^e  Centre^  for  the  spectator  at  D. 

59.  Let  DF  and  LM  be  each  perpendicular  to  TUS,  the  plane  of  the 
universal  meridian,  and  FG  and  MC  each  perpendicular  to  £S,  the  line 
joining  the  centres  of  the  earth  and  sun.  Then  DF  and  LM  are  the 
distances  of  the  points  D  and  L  from  the  universal  meridian  ;  and  FG  and 
MC  are  the  distances  of  the  same  points  from  a  plane  perpendicular  to 
the  universal  meridian,  and  passing  through  the  centres  of  the  sun  and 
earth. 

53.  From  the  triangle  EQS,  we  have, 

CEQ  =  EQU  — ESU 
or  Apparent  semi-diameter  of  the  circle  of  Prcjection  ■■  P  — p. 

64.  By  similar  triangles,  EU  :  CQ  : :  £S  :  CS  t :  EN  :  CM.  But 
CQ  =  EC  tan  CEQ  tm  EC  tan  (P  — p) ;  and  we  may  without  sensible 
error  consider  EN  «  FG.     Hence, 

«,r    «^        .«        X        x,^      r^w      FG.  ECtan(P— p) 
EU  :  EC  tan  (P  — p)  :  :  FG  :  CM  » ~^ —^ 

Therefore,  tan  CEM  -  g^  -  |§.  tan  (P-p), 

or,CEM-|g.(P-p)- 

FD 
In  like  manner,  MEL  a—.  (P— p). 

If  X  »  HEL  «>  the  apparent  distance  of  the  projection  of  the  sun'a 
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centre  from  the  universal  meridian,  Y  =  GEM  »  the  apparent  diatanoe 

of  tbe  projection  of  the  centre  from  the  plane  passing  through  the  centres 

of  the  earth  and  sun,  perpendicular  to  the  universal  meridtani  and  R  a 

EU  s  radius  of  the  earth,  we  have, 

FD  FG 

X  «^.  (P-p),  and  Y  «  ^.  (P-p). 

55.  Let  AUBT,  Fig.  30,  be  a  section  of  the  earth  by  the  plane  of  the 
universal  meridian,  PP  the  earth's  axis,  P  tbe  north  pole,  P  the  south 
pole,  TU  a  diameter  of  the  circle  of  illumination,  CQ  a  diameter  of  the 
equator,  ES  the  line  joining  tbe  centres  of  the  earth  and  sun,  and  D 
a  given  place  on  the  earth.    Also  let  DLH  be  a  plane  perpendicular  to  PP 
the  earth's  axis,  DF  a  straight  line  perpendicular  to  LH,  and  consequently 
to  tbe  universal  meridian,  LM  and  FR,  each  parallel  lo  AB,  and  LN  and 
FG,  each  parallel  to  TU.     Then,  as  in  a  preceding  article  (52),  DF  is 
tbe  distance  of  the  place  from  the  universal  meridian,  and  FG  is  its  dis- 
tance from  the  plane  passing  through  the  centres  of  the  earth  and  sun, 
perpendicular  to  the  universal  meridian.     Also  PH  ^s  PD  =  tbe  comple- 
ment of  the  latitude  of  the  place,  DLH  =  DPH  =the  hour  angle  from 
noon,  and  TP  =  AC  =  the  sun's  declination.     Put, 
D  =  TP  =8  the  sun's  declination, 
U  =s  DLH  «  the  hour  angle  from  noon, 
Ha  CH  =  the  reduced  latitude  of  tbe  place. 
Then  HL  =  EH  sin  HEP  «  R  cos  H, 
and  DF  =  DL  sin  DLH  »  HL  sin  U  »  R  cos  H  sin  U. 

DF 
Hence  (54),  X  =  -^.  (P  —p)  »  cos  H  sin  U.  (P  —  p)  (A). 

Also, 

EL  r=  EH  cos  HEP  »  R  sin  H, 
EM  a  EL  cos  TEP  »  R  sin  H  cos  D 

- R. "'"(H  +  Dj+sinCH-D)  ^^^^   ,^^ 

ML  »  EL  sin  TEP  »  R  sin  H  sin  D, 

LF  »  DL  cos  DLH  =  HL  coe  U  »  R  cos  H  coe  U. 

But  from  tbe  similar  triangles  FNL  and  EML,  we  have, 

EL  :  LM  : :  FL  :  LN, 

or  R  sin  H  :  R  sin  H  sin  D  : :  R  cos  H  cos  U  :  MR 

1  :  sin  D  : :  R  cos  H  cos  U  :  MR. 

Hence  MR  =  R  cos  U  sin  D  cos  H 

^          -,  sin  (H  +  D)  — sin  (H  — D)  , .        ^  . 

a  R  cos  U.  — ^^ ^-- i '  (App.  17) 

When  the  latitude  of  the  place  and  declination  of  the  sun  are  both  northi 
as  represented  in  the  figure,  ER  sEM  —  MR.  It  will  be  the  same 
when  the  latitude  and  declination  are  both  south.  But  when  one  is  north 
and  tlie  other  soulkt  £R  »  EM  +  MR.    Therefore, 
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TO  -  E»  -  EM  +  MR  -  R/-ifLi^±H±*L(H:=^ 

+  R  cos  u. •i!LOL±»I=fi!L(IL=») 

Cooflequendy  (54), 

y  „  «n(H  +  D)+8'«n(H-D)  ^^_^^ 

_  sin  (H  +  D)  —  sin  (H  —  D)        _.  ,^ 

+ ^^ ^-g ^^ cos  U.  (P— p).  (B) 

PROJECTION  OF  THE   SUn's  CENTRE   ON   THE   CIRCLE   OF 
PROJECTION. 

56.  Let  AB,  Fig.  31,  be  the  line  in  which  tlie  plane,  through  the  cen- 
tres  of  the  sun  and  earth,  and  perpendicular  to  the  universal  meridian, 
iDtersecto  the  circle  of  projection,  and  CD  the  intersection  of  the  universal 
meridian  with  the  same  circle.  With  the  centre  C,  and  a  radius  equal 
to  P — p,  describe  the  semicircle  ADB,  to  represent  the  northern  half 
oi  the  circle  of  projection.  With  a  sector,*  make  AE  and  BF,  each 
equal  to  H,  the  reduced  latitude  of  the  place,  and  make  EG,  El,  FH  and 
FK)  each  equal  to  D,  the  sun's  declination.  Join  GH,  EF,  and  IK,  and 
bisect  Re  in  N.  Through  N,  draw  LNM  parallel  to  EF.  Make  NO 
eqoal  to  idE,  and  with  the  centre  N,  and  radii  NO  and  NR,  describe  the 
aeoiicircles,  PYO  and  tRQ.  With  a  sector,  make  YW  equal  to  U,  the 
boar  angle  from  noon.  Join  WN,  draw  WV  parallel  to  CD,  and  through 
T,  draw  STU  parallel  to  PO,  meeting  WV  in  U. 

Id  this  construction,  the  sun's  declination  is  supposed  to  be  north,  and 
the  time  in  the  afternoon.  When  the  declination  is  south,  the  semicircle 
<RQ  must  be  on  the  upper  side  of  PO,  and  WN  must  be  produced  to 

^Tbe  Sector  is  an  instrnment,  generally  made  of  ivory  or  boxwood,  about  a  foot  in 
length,  with  a  joint  in  the  middle.  There  are  several  lines  on  each  side  of  it.  Bat  the 
only  one  we  shall  notice  is  the  line  of  chords,  which  is  nsed  to  lay  off  a  given  numher 
of  degrees  on  the  arc  of  a  circle.  This  line  is  marked  with  the  letter  C.  It  consists 
of  two  lines,  running  each  wa}*  from  the  centre  of  the  joint  to  near  the  ends  of  the 
instroment ;  each  line  being  divided  into  60  parts  or  degrees,  and  each  degree  subdi. 
fided  into  halves.    At  the  60  on  each  line,  there  is  a  brass  pin  with  a  small  puncture. 

To  lay  off  any  number  of  degrees  on  the  arc  of  a  given  circle,  take  the  radius  of  the 
circle  in  the  dividers,  and  setting  one  foot  in  the  puncture  at  the  end  orone  line,  open 
the  sector  till  the  other  foot  of  the  dividers  jost  reaches  to  the  puncture  at  the  end  of  the 
other  line.  Then  setting  one  ibot  of  the  dividers  to  the  given  number  of  degrees  on 
one  line,  open  them  till  the  other  foot  reaches  to  the  same  number  of  degrees  on  the 
other  line.  This  distance  applied  as  a  chord  to  the  arc,  will  intercept  the  given  num- 
ber of  degrees. 

To  measore  a  given  arc  open  the  sector  as  before.  Then,  taking  the  chord  of  the 
aroin  the  dividers,  apply  them  to  the  line  of  chords,  moving  them  without  changing 
their  opening,  till  each  fbot  is  at  the  same  number  of  degrees  on  each  line.  This  nam- 
k«r  of  degreei  will  be  the  measore  of  the  given  are. 
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meet  it  in  T.     When  the  time  is  before  noon,  the  arc  YW  must  be  laid 
ofTfrom  Y  to  the  right  hand. 

Now,  NO  »  wE  « toF  —  CF  ain  FCto  a  coa  H.  (P  —  p), 
SU  »  NV  »  NW  coa  WNL  »  NO  ain  U 
CBS  coa  H  ain  U.  (P — p). 
Hence,  (66.  A),  SU  =  X. 
Alao,  Co  =  CH  coa  vCH^  ain  HCB.  (P  — p) 
=  8in(H  +  D).  (P  — p), 
CR  =  CK  coa  RCK  =  sin  KCB.  (P  —  p) 
=  ain(H-.D).(P-p), 
CN  =  ^  +  ^R_ ""  (H  +  D)  +  sin  (H-D)  ^^ _^^^ 

RN  =  Gv-CR^sjn^R  +  l>)-s\n(H-Dy  ^^_^^^ 

NS  =NT  coa  YNW  ==NR  coa  U 

^,-,n(H  +  D)-,in(H-D)  ^^  „  ^^_^^^ 

CS^CN:FNS=""^"  +  °^+''"("~P>.(P-„) 
^.in(H  +  D)-«n(H-D)  ^^  ^^  ^p_^^ 

Hence  (56.  B),  CS  =  Y. 

Since  US,  the  distance  of  the  point  U,  from  the  univeraal  meridian,  ia 
equal  to  X,  and  CS,  ita  distance  from  the  plane,  perpendicular  to  the 
univeraal  meridian,  and  passing  through  the  centrea  of  the  earth  and  aun, 
ia  equal  to  Y,  the  point  U  is  the  projection  of  the  aun'a  centre,  for  the 
apectator  at  the  given  time  and  place  (64). 

67.  It  ia  evident  from  the  conatruction,  that  the  aemicirclea  PYO  and 
iRQt  depend  only  on  P  — p,  the  difference  of  the  horizontal  parallaxea 
of  the  moon  and  sun,  D  the  sun'a  declination,  and  H  the  latitude  of  the 
place.  Therefore,  since  P — p  and  D  may  be  considered  aa  conatant 
during  the  continuance  of  the  eclipse,  the  aame  aemicirclea  will  anawer  for 
finding  the  point  U  at  any  other  time  during  that  interval. 

68.  When  it  is  required  to  find  the  projection  of  the  sun's  centre  for 
several  diflferent  times,  on  the  same  figure,  it  is  better  to  omit  drawing  the 
lines  WN  and  UTS,  and  instead,  to  lay  the  edge  of  a  ruler  from  W  to  N, 
make  a  mark  at  T  on  the  semicircle  <RQ,  and  draw  T#  parallel  to  CD. 
The  diatance  T#,  applied  on  VW,  from  V  to  U,  will  give  the  point  U  the 
aame  as  before. 

69.  From  the  aimilar  trianglea  WNV  and  TNS,  we  have  WN  :  TN 
: :  WV  :  NS.  But  WN  =  NO,  TN  =  NR,  and  NS  =  UV.  There- 
fore, NO  :  NR  : :  WV  ;  UV.  Hence  (Conic  Sections),  the  point  U  is 
in  an  ellipse,  of  which  PO  la  the  tranaverae  axis,  and  Ro  the  conjugate. 
On  account  of  the  earth'a  diurnal  motion,  the  position  of  U  is  continually 
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ehtngiDg.    But  it  is  evident,  that  as  long  as  P  — p  and  D  may  be  con- 
sidered constant*  its  Paih  will  he  the  eUipge  deecribed  about  the  axee  PO 

POSITION  OF  THE   MOOn's  RELATIVE  ORBIT  ON  THE  CIRCLE   OP 

PROJECTION. 

60.  Make  Da  and  Dft  each  equal  23^  sa',  the  obliquity  of  the  ecliptic ; 
join  ah  and  on  it  describe  the  semicircle  adh.  From  h  lay  off  (he  arc  hd 
equal  to  the  sun^s  longitude.  When  the  longitude  exceeds  6  signS;  its 
excess  above  6  signs  must  be  laid  off  from  a  to  d.  Praw  dm  perpendicu- 
lar to  abf  and  through  m  draw  CmZ. 

Since  the  universal  meridian  passes  through  the  poles  of  the  earth  (60), 
it  coincides  with  a  circle  of  declination.     Hence  CD,  its  intersection  with 
the  circle  of  projection,  may  be  considered  as  the  arc  of  a  declination 
circle.    In  like  manner,  the  line  in  which  a  circle  of  latitude  passing 
through  the  centre  of  the  sun,  intersects  the  circle  of  projection,  may  be 
eoDsidered  as  the  arc  of  a  circle  of  hititude.     The  angle  contained  between 
these  lines  will  be  the  angle  of  position  for  the  sun  (6.20).    Put, 
L  Bs  M  =  sun's  longitude, 
li  es  D5  =  obliquity  of  the  ecliptic, 
S  =  the  angle  of  position. 
Then  hn^Ch  sin  (,GD  =  Cfr  sin  «r, 

ma  as  fu2  cos  hnd  =  hn  cos  L  sa  Cfr  sin  «  cos  L, 
On  o  C6  cos  ft  CD  s  Cfr  cos  ar, 

tan  DCZ  tas  --  =s  — -— =  tan  m  cos  L. 

On  Co  cos  m 

Bat  (6.2 l.C),  tan  6  «  tan  «r cos  L. 
Hence,  tan  DCZ  »  tan  S^  or  DCZ  =  S. 

Therefore  CZ  makes  with  CD,  the  angle  DCZ  equal  to  S,  the  angle  of 
position.  It  is  also  evident,  that  by  the  construction,  CZ  will  fall  to  the 
right  hand,  or  west  of  CD,  when  the  longitude  is  less  than  90^  or  more 
than  270^,  and  to  the  left  hand  or  east,  when  the  longitude  is  more  than 
90^  and  less  than  270°.  Hence  CZ  is  a  circle  of  latitude,  the  plane  of 
which  passes  through  the  sun's  centre. 

61.  Having  CZ  the  circle  of  latitude,  the  moon's  relative  orbit  may  be 
drawn,  and  the  places  of  the  moon's  centre  at  different  hours,  be  deter- 
mined in  the  same  manner  as  in  an  eclipse  of  the  moon  (37  and  43),  only 
using  the  time  of  conjunction  instead  of  the  time  of  opposition.  Let  pg 
be  the  moon's  relative  orbit ;  and  Iet«  be  the  place  of  the  moon's  centre  at 
the  same  time  the  projection  of  the  sun's  centre  is  at  U.  If  the  distance 
U«  is  less  than  the  apparent  setuidia meters  of  the  sun  and  moon,  a  part 
of  the  sun,  at  least,  is  then  eclipsed. 

62.  Considering  the  earth  a  sphere,  a  vertical  line  (4.6)  and  conse- 
quently a  vertical  circle,  at  a  given  place,  will  pass  through  the  centre. 

17 
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Hence,  since  C  is  in  the  straight  line  joining  the  centres  of  the  sun  and 
earth,  CU  is  the  intersection  of  the  circle  of  projection  with  a  vertical 
circle  passing  through  the  centre  of  the  sun.  The  position  of  «,  tlie 
rooon*8  centre,  with  regard  to  this  circle,  is  therefore  determined. 

CONSTRUCTION  OF  AN  ECLIPSE  OP  THE  SUN. 

63.  The  construction,  Fig.  32,  is  for  an  eclipse  of  the  sun  on  the  27t|i 
of  August,  1821,  in  the  morning,  and  it  is  adapted  to  the  meridiao  and 
latitude  of  Philadelphia.  The  points  7,  8,  9,  10,  and  1 1  on  the  line  pg, 
represent  the  situation  of  the  moon's  centre  on  the  plane  of  projection, 
at  those  hours  respectively.  The  other  points  7,  8,  9,  10  and  11,  repre- 
sent the  projections  of  the  sun's  centre  at  the  same  tiroes.  The  lines  7c, 
8«,  9^,  lOA,  and  1  lir,  are  dravn  paraUel  to  AB,  meeting  the  lines  Vllc, 
VIIU,  IXo,  Xv,  and  Xlar,  in  the  points  c,  e,  g^  h,  and  k. 

Draw  a  line  MN,  JF^.  33,  and  in  it  take  any  point  S,  to  represent  a 
fixed  position  of  the  sun's  centre.  Then  taking  7c,  the  distance  from  tiie 
moon's  centre  at  7  o'clock,  to  the  line  VIIc,  lay  it  from  S  to  the  right 
hand  to  c.  In  like  manner,  make  the  distances  Se,  S^,  SA,  and  Sk,  in 
the  line  MN,  respectively  equal  to  the  distances  8e,  9g^  lOA,  and  11  A:, 
observing  that  each  distance  is  to  be  laid  off  to  the  right  or  led  of  the 
point  S,  according  as  the  moon's  centre  is  to  the  right  or  left  of  the  pro- 
jection of  the  sun's  centre.  Draw  the  lines  c7,  eSygd,  h\0  and  kl  1,  per- 
pendicular to  MN.  Make  cl  equal  to  the  distance  cl  on  the  hne  passing 
through  the  projection  of  the  sun's  centre  at  7  o'clock.  Also  make  eS, 
^9,  AlO,  and  Aril,  respectively  equal  to  the  corresponding  distances  in 
Fig.  32,  observing  that  each  must  be  placed  above  or  below  the  line  MN, 
according  as  the  moon's  centre  is  higher  or  lower  than  the  projection  of  the 
sun's  centre.  Then  the  points  7,  8,  9,  iO,  and  1 1,  Fig*  33,  will  represent 
the  positions  of  the  moon'd  centre,  at  those  hours,  with  regard  to  S,  the  sun's 
centre.  Join  the  points  7,8,  8,9,  9,10,  and  10,11,  and  the  broken  line 
thus  formed,  which  will  deviate  but  little  from  one  right  line,  will  repre- 
sent very  nearly  the  apparent  relative  orbit  of  the  moon.  With  the  centre 
S,  and  a  radius  equal  to  the  sum  of  the  apparent  semi-diameters  of  the 
sun  and  moon,  describe  arcs  cutting  the  moon's  path  in  h  and  r,  which 
will  be  the  positions  of  the  moon's  centre  at  the  beginning  and  end  of  the 
eclipse.  From  S,  draw  S^  perpendicular  to  the  part  8,9,  of  the  moon's 
path  ;  then  q  will  be  the  position  of  the  moon's  centre,  when  it  is  nearest 
to  the  centre  of  the  sun,  and  consequently  when  the  echpse  is  greatest. 
If  the  hour  spaces  7,8,  8,9,  and  10,11  be  each  divided  into  quarters  and 
these  subdivided  into  three  equal  parts,  or  spaces  of  five  minutes,  the 
times  of  beginning,  greatest  obscuration,  and  end,  can  be  easily  estimated. 

64.  The  hour  spaces  on  the  moon's  apparent  path  are  not  equal,  and 
therefore  the  times  obtained  from  equal  divisions  of  them,  are  not  quite 
accurate.    The  error  from  this  cause  will  not,  however,  exceed  one  or 


Digitized  by  VjOOQ IC 


CHAPTER  XI.  131 

two  minutefl ;  and  if  the  constraetion  be  made  for  each  half  hour,  it  will 
be  much  less. 

With  (he  centre  S,  and  a  radius  equal  to  the  sun's  apparent  semi-diame- 
ter,  describe  a  circle  to  represent  the  sun's  disc  ;  and  with  the  centre  q^ 
and  a  radius  equal  to  the  moon's  apparent  semidiainetcr,  describe  another 
circle  to  represent  the  moon's  disc.  The  part  of  the  sun's  disc,  that  ia 
intercepted  by  the  moon's,  shows  the  part  eclipsed.  If  S^  be  produced  to 
m  and  ft,  and  mn  be  measured  by  the  scale  used  in  the  construction,  the 
quantity  of  the  eclipse  will  evidently  be  obtained  by  this  proportion.  As 
Qe  sun*s  apparent  diameter  :  mn  : :   12  digits  :  the  digits  eclipsed. 

Let  II,  jPf^.  32,  be  the  projection  of  the  sun*s  centre  at  the  time  the 
eclipse  commences.  Then  Ctt  will  be  a  vertical  circle  passing  through 
tlie  sun^s  centre  at  that  time  (62).  Draw  SF,  Fig.  33,  making  the  angle 
FSM  equal  to  the  angle  uCB  ;  then  Y  is  the  sun's  vertex.  Now  as  the 
ecfipse  commences  at  the  point  a  of  the  sun's  disc,  the  angle  YSa  ex- 
presses the  angular  distance  from  the  sun's  vertex,  of  the  point  at  wbicfa 
the  eclipse  commences.  The  knowledge  of  this  angle  is  important  to  the 
astronomer,  who  wishes  to  observe  with  accuracy  the  commencement  of 
tn  eclipse  of  the  sun.  Without  it  he  would  not  know  at  what  part  of  the 
edge  to  fix  his  attention,  while  waiting  to  see  the  first  impression. 

CALCULATION  OP  AN  ECLIPSE  OP  THE  SUN. 

67.  Let  B  designate  the  approximate  time  of  thp  beginning  of  the 
eclipse,  found  by  construction  (63),  and  t  some  short  interval  of  4  or  5 
minutes.  Calculate  for  the  time  B  —  t,  by  means  of  astronomical  tables, 
the  sun's  longitude,  hourly  motion,  and  semi-diameter ;  also  the  moon's 
longitude,  latitude,  horizontal  parallax,  semi-diameter,  and  hourly  motions 
io  longitude  and  latitude.  Then  as  our  object  is  to  obtain  the  difference 
of  the  apparent  longitudes  of  the  sun  and  moon,  and  the  moon's  apparent 
latitude,  in  order  to  obtain  their  apparent  distance,  subtract  Che  sun's  hori- 
zontal parallax,  from  the  reduced  horizontal  parallax  of  the  moon,  and 
considering  the  remainder  as  the  moon's  parallax,  calculate  the  parallax 
in  longitude  and  latitude  (10.  54  and  56),  using  the  reduced  latitude  of 
the  place.*  To  the  moon's  true  longitude  and  latitude,  apply,  respec- 
tively, the  parallaxes  in  longitude  and  latitcRle  according  to  their  signs, 
and  the  apparent  longitude  and  latitude  are  obtained.  Take  the  differ- 
ence between  the  true  longitude  of  the  sun  and  the  apparent  longitude  of 
the  moon,  which  will  be  the  moon's  appareijt  distance  from  the  sun,  in 
kngitude. 

*Thi8  is  equivalent  to  coDaiclering  the  apparent  place  of  the  sun  the  same  as  the 
true,  and  referring  the  whole  effect  of  parallax  to  the  moon.  It  is  not  rigidly  exact 
For  we  virtually  calculate  the  snn*s  parallax  ita  kmgttade  and  latitude  by  making  use 
of  the  moon's  longitude  and  latitude,  instead  of  the  sun's.  But  on  account  of  the  small 
quantity  of  the  son's  parallax,  and  the  little  difference  in  the  longitudes  at  the  time  of 
an  eclipse,  the  error  ia  quite  insensible. 
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68.  With  the  sun  and  moon's  longitudes,  the  moon's  latitude,  and  their 
hourly  motions  at  the  time  B —  <,  find  the  longitudes  and  the  moon's  lati- 
tude at  the  time  B  +  <•  For  this  latter  time,  calculate  the  parallaxes  in 
longitude  and  latitude,  t^nd  thence  deduce  the  apparent  distance  of  the 
moon  from  the  sun  in  longitude,  and  the  moon's  apparent  latitude* 

69.  Let  EC,  Fig,  34,  be  a  part  of  the  ecliptic  and  S  the  place  of  the 
sun's  centre,  which  we  shall  consider  fixed*  Let  SA  be  the  apparent  dis- 
tance of  the  moon  from  the  sun  in  longitude,  and  AD,  perpendicular  to 
EC,  the  apparent  latitude,  at  the  tfme  B  —  t.  Then  D  will  ke  the  moon's 
apparent  place.  In  like  manner  let  L  be  the  moon's  apparent  place  at 
the  time  B  +  t.  The  line  DL,  which  does  not  sensibly  difier  from  a 
straight  line,  represents  the  part  of  the  moon's  apparent  relative  orbit, 
passed  through  during  2f,  the  interval  between  the  times  B — t  and 
B  +  ^ 

70.  Let  the  point  G  in  Xhe  line  DL,  be  the  place  of  the  moon's  centra 
at  the  true  time  of  beginning.    Put, 

a  =  SA  CBS  appar.  dist.  of  moon  from  sun  in  long,  at  the  time  B —  I, 

e  Bs  AD  «B  moon's  app.  latitude  at  the  time  B  —  f, 

m  =  AH  a  diff.  of  moon's  app.  distances  from  the  sun  in  long,  at  B  -—  <' 

and  B  +  ^ 
n  » toL  «B  diff.  of  moon's  apparent  latitudes  at  B  —  t  and  B  -|-  ^» 
s  Bs  SG  BB  sum  of  app.  semi-diameters  of  sun  and  raoon, 
I  SB  angle  toDL  ■■  inclination  of  moon's  app.  rel.  orbit» 
xbAF. 

Then  tan  I  «  tan  ii>DL» ^  =  "  , 

Gv  =>  Do  Un  «DG  « :e  tan  I, 

SF  =sa  — dT,  and  FG  B=  AP  +  Gi?  =  c  +  X  Un  I, 
SF»  +  FG»  «  SG*,  or  («—«)« +  (c+x  tan  I)«  =  *» 

a»  —  2oa:  +  a?»  +  c»  +  2car  tan  1  +  «•  tan*  1  =  *»  (B) 

(1  +  tan*  I)  .a:*—  2(a— c  tan  I)  a?  =  *«  _a«  — c*, 
2.  (fl  — ctani)  #'  — fl*  — g* 

1  +  tan*  I      *^  *"     1  +  tan*  I 
^^  2.  (g  —  c  tan  1)  (a--:*c  tan  1)*       ^*  — a*— c* 

1  +  tan*  I     •*  +  (!+  tan*  1)*  "*    1  +  tan*I 
(g — c  tan  I)  ■ 
"•"  (1  +  tan*  1)  * 

^(^a  — fl»  — c').(i  +  tan*l)'f(a  — cUnI)* 
***  (l+tan»l)* 

#»  +  ^  tan*  I  —  (c*  +  2  g  c  ten  I  +  g*  tan*  I) 
■"  (1  +  ten*I)* 

^.  (1  +  ton*  1)  — (c  +  g  ten  I)* 
"  (l+ten*!)* 
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/         (c  +  atenI)'V 
TV        .#•.(! +lan'I); 

nl        .  .      1^      (c  +  a  tan  I>»  cos*  I\ 

.  -  (a- c  UD  I)  cosM  t..  CO.  W  (l -<i±fJ:iy2l22!L^ 

Then.  sin'. -(l±.2li4P-!lf2iIl 

Abo  v/  n  —  ^^ — ^ -T^ \  =  V 1 1  —  sin'O  I  »  coa  A. 

Hence,  x^i(a  —  u  tan  I)  cos"  I  Hh  #.  cos  I  cos  •/ 

If  the  line  DL  were  produced,  it  is  evident  there  would  be  another 
poiot  io  it,  such  that  its  distance  from  S  would  be  the  same  with  that  of 
the  poiot  G.    The  two  values  of  x  in  the  formula,  correspond  to  these 
two  poiols*    Hence  the  value  of  x  corresponding  to  G,  is, 
«  BB  (a  —  c  tan  I)  cos'  I  —  «•  cos  I  cos  0. 

When  the  moon's  apparent  latitude  at  the  time  B  +  <  is  lew  than  at  the 
time  B — I,  we  must  make, 

.    -       (c — a  tan  I)  .cos  I        ,         u  n  l 
sm  0  =  ^ ,  and  we  shall  have 

2  SB  (a  -f  c  tan  I)  .cos'  I — m.  cos  I  cos  6. 

Now,  as  m  :  :p  : :  2<  : »  interval  from  B  —  tio  the  true  time  of 

m 

tbe  beginning.    Hence  if  B'  «  the  true  time  of  beginning,  we  have, 

»      n      .    .      (c  +  a  tan  I)  cos  I 

tan  i  as  ~,  sm  6  «  ^— == , 

m  *- 

B'  «B  B  —  <  +  (  (a  +  c  tan  I)  .cos'  I  —  «  cos  I  cos  dj.  — . 

Tbe  upper  signs  must  be  used  when  the  apparent  latitude  is  tucreojifig, 
tnd  the  wuler,  when  it  is  iecreamng.  The  same  is  to  be  observed  in  the 
three  following  articles. 

71.  The  end  of  the  eclipse  may  be  found  in  a  similar  manner.  Lei 
E  be  the  approximate  time  of  the  end,  and  bake  the  same  calculations 
for  £  — <  and  £  +  I,  as  for  B  —  t  and  B  — f.  Then,  if  a,  c,  m,  n,  «,  I 
and  A,  designate  the  satne  quantities  as  in  the  last  article,  but  having  the 
values  appertaining  to  the  end  of  tbe  eclipse,  and  E'  >■  the  true  time  of 
SDd,  we  have, 

,     ,       »     .    A       (cXa  tan  I)  cos  I 
tan  I  »  -,  nn  •  ■■  ^--i- ^~. — ^ 

fB  9 
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E'  a  E  —  <  +  I  *.  COS  I  COS  fl  —  (a  +  c  tan  I)  cos^  l\  —. 

72.  To  find  the  true  time  of  greatest  obscuration,  let  G  be  the  approxi- 
mate time,  and  calculate  as  before,  for  the  times  G  —  t  and  G  +  <i  the 
apparent  distances  of  the  moon  from  the  sun»  in  longitude,  and  the  moon's 
apparent  hititudes.  Let  SK  be  the  apparent  distance  of  the  moon  from  the 
in  longitude  at  the  time  G  —  ^  SN  at  the  time  G  +  ^  and  KI,  NP  per- 
pendiculars  to  EC,  the  corresponding  latitudes.  Then  if  S^  be  drawn 
perpendicular  to  IP,  9  will  be  the  place  of  the  moon,  when  the  apparent 
distance  of  the  centres  is  least.  Let  x  =  KV,  and  a,  c;  m,  ft,  #  and  I, 
designate  the  same  quantities  a^  before,  but  having  the  values  appertain- 
ing to  the  middle. 

From  the  similar  triangles  PIQ  and  69V,  we  have, 

IQ  :  PQ  :  :  V^  :  SV. 
But  IQ  »  m,  PQ  «>  n,  y^  »  c  +  a;  tan  I,  and  SV  =  a  — «. 
Hence,  mm  : :  6  +  as  tau  I  : :  a— dr, 

— ; J  SB  -  SB  tan  I,  ^ 

c  +  X  tan  I       m 

a  —  c  Ian  I       ,  *      t\        .y 

X  »« r— -  ■■  (a  —  e  tan  I)  .cos*  L 

1  4-  tan*  I       ^  ^ 

When  the  apparent  latitude  is  decreasing, 

X  as  (a  -|-  c  tan  I)  cos*  I, 

Hence,  if  G'  a  the  true  time  of  greatest  obscuration,  we  have, 

Un  I  =  -,  G'  «  G  — <  +  fa  +  c  tan  I)  .cos*  L  -. 
m  III 

73.  To  find  Qq^  (he  nearest  distance  of  the  centres,  we  have  (72), 

Yf  ss  c  :t '  tan  I  =  c  ±  tan  L  (a  7  c  tan  I)  cos*  I 
a  c  +  sin  I  cos  L  (a  hF  <?  tan  1). 

Hence,  S^  ea  — 1-  ss j.  sin  L  (a'^c  tan  I). 

cos  i         COS  1 

Now  to  find  the  quantity  of  ihe  eclipse,  if  ^a  the  sun's  apparent  semi- 
diameter,  and  d  =  the  moon's  apparent  semi-diameter  at  ttie  time  of  the 
greatest  obscuration,  we  have,  Fig.  33, 

fltii»Sg  +  ^+Si»  =  S^+  t  —  Sq+d  —  Sqwrni  +  d-^Oitms  — 
/. 

8q  aa* r  ^  wn  L  («  +  c  tan  I).     Hence, 

'  cos  1  ^  ' 


DigU^EcUpnd^^  '^'^      ^ 


I «  — 1  T«n  L  (« -F«  ton  I* 


}  » 

74.  When  Bq^  the  nearest  apparent  distance  of  the  centres,  is  less  than 
the  difference  between  }  and  <2,  the  eclipse  will  be  either  annular  or  total. 
It  will  be  annular  if  4  be  greater  than  d^  and  total  if  d  be  greater  than  i. 
The  time  when  an  eclipse  commeniceB  or  ceases  to  be  idsA  or  annular 
may  be  found  by  the  same  formulie  as  the  beginning  or  end  of  the  eclipee» 


Digitized  by  VjOOQ IC 


CHAPTER  XI.  135 

ODiy  making  «  =  to  the  difference  of  t  and  J,  and  giving  to  a,  cm*  dee* 
tbe  values  which  they  have  in  finding  the  time  of  greatest  obscuration. 

76.  Let  Sbf  Fig*  84,  be  a  circle  of  latitude,  Sd  a  declination  circle* 
and  SA  a  vertical  circle,  all  passing  through  the  aun's  centre.  Then  bSd 
will  be  the  angle  of  poaitiooi  and  dSh  the  angle  contained  by  the  declina- 
tion circle  and  vertical  circle,  passing  through  the  sun*  Put  L  k  the 
sun's  longitude  at  tlie  beginning  of  the  eclipsf,  A  » the  sun's  distance 
from  the  north  pole  of  the  equator,  a  as  SF  »  the  apparent  difference  of 
the  sun  and  moon*8  longitudes,  c  =  the  moon's  apparent  latitude,  H  a 
the  latitude  of  the  place,  m  »  the  obliquity  of  the  ecliptic,  and  U  a  the 
hoar  angle  from  noon.    Then  (6.19  and  20) 

CO0  A  BB  sin  L  sin  «,  and  tan  bSd  «  coa  L  tan  m  (C) 

lo  the  triangle  PSZ,  Fig.  18,  we  have  (App.  37), 
_       cot  PZ  sin  PS  —  coa  ZPS  cos  PS 

cot  S  «i  : rrt^cs 

ain  ZPS 

tan  H  sin  A  —  coa  U  cos  A 

sin  U 

«.     •.  .      j«.       tfi"  H  sin  A  —  cos  U  cos  A  ,^^ 

Hence,  Fig.  34,  Un  d8h  »- r-rr (D) 

*     ^  Bin  U  ^   ' 

AlaotanFSG-^-^  (E) 

The  angle  bSd  will  be  to  the  left  of  S&,  when  the  sun's  longitude  is  leas 
tiiBD  90^,  or  more  than  270^  and  to  the  right  when  it  is  between  9Q°  and 
S70^.  The  angle  dSh  will  be  to  the  right  of  Sd,  in  the  forenoon,  and  to 
the  left  in  the  afternoon.  By  attending  to  these  circumstances,  and  add- 
ing or  subtracting  accordingly,  the  angle  6SA,  and  consequently  £SA, 
becomes  known.  Thence,  by  applying  the  angle  FSG,  we  have  the  angle 
^G,  contained  between  the  vertical  circle  passipg  through  the  sun's 
centre,  and  the  line  joining  the  centres  of  the  sun  and  moon,  at  the  begin- 
niog  of  the  eclipse. 

76.  Supposing  the  latitude  of  the  place  for  which  the  calculation  is 
made,  to  be  truly  known,  and  also  its  longitude  from  the  place  for  which 
the  solar  and  lunar  tables  are  computed,  the  results  obtained  from  the 
preceding  formube,  when  the  calculations  are  carefully  performed,  will 
have  an  accuracy  corresponding  with  that  of  the  tables  themselves,  or 
very  nearly  so.  But  the  best  of  these  tables  are  liable  to  errors  of  a  few 
seconds.  Consequently  the  times  obtained  will  be  liable  to  small  errorSt 
depending  on  the  former. 

77.  Except  in  cases  when  the  greatest  precision  is  required  in  the 
results,  it  will  only  be  necessary  to  calculate  the  longitudes  of  sun  and 
moon,  and  the  moon's  latitude,  from  the  tables,  for  the  time  G  —  t.  The 
bngitudes  and  latitude  at  the  time  B —  t  and  £  —  <,  may  be  found  from 
the  former  by  means  of  their  hourly  motions.  It  will  also  be  sufficient  to 
calculate  the  moon^'s  apparent  longitudes  and  latitudes  for  the  times  B — tf 
G  —  t  and  E  —  L    Then  for  the  beginning  of  the  eclipse  we  may  take 
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m  mm  moon's  apparent  relative  motion  in  longitodo  during  the  time  (6  —  I) 
—  (B  — 1)»  or  which  is  the  same,  G  —  B,  and  n  «»  moon's  apparent  mo- 
tion in  latitude  during  the  same  time.  For  the  end  we  may  give  to  m  and 
fly  the  values  of  the  same  quantities,  for  the  time  £  —  G.  And  for  the 
greatest  obscuration  we  may  give  to  them  the  values  of  those  quantities 
for  the  time  E  —  B.  With  these  values  of  tn  and  n,  we  obtain  very  nearly 
the  inclinations  of  the  apparent  relative  orbit,  at  the  times  of  beginning, 
end,  and  grearest  obscuration. 

As  the  value  of  x,  in  the  equation  B  (70),  must  be  small,  its  square 
may  be  omitted  with  but  little  error.     We  shall  then  have, 
a"—  2aa?  +  c«  -h  2car  tan  I  «  «", 
2.  (a  —  c  tan  I)  .ar  =a  a*  +  c*  —  #', 

*'"2.(a— ctaniy 

Hence  B'-B-l+(fl±£!fiai^^ 

2m  (a  ■+•  c  tan  1) 

F'E       t  I   [(*'-«'  +  ''•)]   »(E-G) 
"^  2m(o  +  ctanI) 

C  -  C       r  I  K«'^^*'  <»°  ')  «^*»'  '1  •  ^-°) 

m 
In  each  formulas  the  vpper  sign  is  to  be  used  when  the  apparent  latitude 
is  inereadttgf  and  the  lower  when  it  is  decreasing. 

78.  Instead  of  finding  the  approximate  times  of  beginning  and  end  by 
construction,  we  may,  though  with  more  labour,  perform  the  whole  by 
calculation.  -  Thus,  let  the  sun's  longitude  and  the  moon's  apparent  longi- 
tude and  latitude  be  calculated  for  the  time  of  new  moon.  From  these 
longitudes  we  know,  whether  the  Apparent  Ecliptic  Confwnction^  that  is, 
the  circumstance  of  the  apparent  longitude  of  the  moon  being  the  same 
with  the  sun's  longitude,  has  place  before  or  afler  new  moon.  For  a  time 
an  hour  or  two,  earlier  or  later,  than  the  new  moon,  according  as  the 
apparent  conjunction  'is  before  or  afler,  again  calculate  the  sun's  longi- 
tude and  moon's  apparent  longitude  and  latitude.  Then  considering  the 
apparent  relative  orbit  of  the  moon  as  a  straight  line  passing  through  the 
apparent  positions  of  the  moon  witu  regard  to  the  sun,  at  those  times,  we 
can  obtain  the  approximate  times  of  beginning,  greatest  obscuration  and 
end,  nearly  in  the  same  manner  as  the  beginning,  middle,  and  end  of  a 
lunar  eclipse. 

PATH  OP  A  CENTRAL  ECLIPSE  OP  THE  SUN. 

79.  The  latitude  and  longitude  of  the  place,  to  which  the  sun  is  cen- 
trally eclipsed,  at  a  given  time  during  the  continuance  of  the  central 
eclipse,  may  be  easily  determined  with  considerable  accuracy,  by  means 
of  a  geometrical  construction. 

If  we  suppose  the  circle  ATBU,  Fig,  30,  to  be  described  with  a  radius 
equal  to  P  —  p,  it  is  evident  (54  and  55),  that  FD  »  X,  and  ER  »  FG 
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»¥.  Then  in  the  right  angled  triangle  EFD,  we  have  EFm,^  (ED" 
—  FD»)  =  y^  [(P  —  p)  «  —  X«].  Now  if  X  and  Y  are  known  for  any 
given  time,  £F  and  £R  are  known,  and  consequently  the  position  of  the 
point  F.  The  position  of  PE  is  determined  by  the  sun's  declination,  and 
therefore  that  of  the  line  HFL,  which  passes  through  F,  perpendicular  to 
PE.  In  the  right  angled  triangle  ELH,  EL  and  EH  being  known,  the 
angle  PEH,  the  complement  of  the  latitude  of  the  place,  is  abo  known. 
In  the  right  angled  triangle,  DLF,  FL  and  FD  being  known,  the  angle 
DLH,  which  is  the  hour  angle  from  noon,  is  known. 

80.  Let  AUBT,  Fig,  ^5,  be  the  circle  of  projection,  described  with 
the  radios  P — p,  TU  the  intersection  of  the  universal  meridian  with  th'ia 
circle,  AEB  perpendicular  to  TU,  and  pq  the  moon^s  relative  orbit  (6t)). 
if  D  be  the  place  of  the  moon's  centre  at  a  given  time,  on  a  given  meri- 
dian, it  is  manifi9st  the  place  which  wotdd  have  the  projection  of  the  aun'a 
centre  abo  at  D,  would  then  have  a  central  eclipse.  Make  TP  b  the 
80B*s  declination,  laying  it  to  the  left  of  T,  when  the  declination  is  northt 
hot  to  the  rig^,  when  the  declination  is  south,  and  draw  PEP'.  Through 
D,  draw  MDG  parallel  to  TU,  and  DF  parallel  to  AB.  Then  KM  =  V 
(EM* — EK*)  «  ^  [(?  — i>>  —  X»l  With  the  centre  E,  and  a  radiua 
flqoal  to  KM,  describe  an  arc,  cutting  DF,  in  F,  and  through  F,  draw  LFH« 
perpendienlar  to  PF.  Then  PEH  ia  the  complement  of  the  latitude  of  the 
pitce  (80.). 

Make  KG  mm  FL,  and  through  6,  draw  EGL  Then  because  NG  « 
£Kas  X,  and  EN  «  GK  sb  FL,  UEI  is  the  hour  angle  from  the  univer- 
lal  meridian  at  the  required  place  (80).  The  place  will  be  to  the  west 
oreoffl  of  the  universal  meridian,  according  as  the  point  D  is  to  the  right 
vtkfioi  TU.  Now,  for  the  place  for  which  the  construction  is  made, 
the  tkne  that  the  moon's  centre  is  at  D,  and  consequently  the  distance  of 
the  place  from  the  universal  meridian  ia  known.  Hence  for  the  same 
instant  we  know  the  distance,  in  time,  of  the  given  place  and  required 
place,  from  the  universal  meridian  ;  and  by  taking  the  difference,  or  sum 
of  these  distances,  according  as  they  are  on  the  same  or  different  sides  of 
the  UDiveraal  meridian,  the  longitude,  hi  time,  of  the  required  place  from 
the  given  place,  becomes  known. 

By  making  the  construction  for  every  15  or  20  minutes,  during  the  con- 
tionaoee  of  the  central  eclipse,  we  shall  have  the  latitudes  and  longitudes 
of  a  series  of  places,  at  which  the  eclipse  will  be  central.  A  cur>e  line, 
drawn  on  a  map  or  globe,  through  those  places,  will  represent  what  is 
ealled  the  Path  of  the  Central  Eclipse.   - 

81.  By  a  process  but  little  different  from  the  preceding,  the  longitudes 
and  latitudes  of  those  places  that  will  have  the  eclipse  of  a  given  magni- 
tude, for  instance  6  or  9  digits,  may  be  obtained. 

OCCULTATIONS. 

82.  If  at  the  time  of  mean  conjunction  of  the  moon  and 
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a  star,  that  is,  when  the  moon's  mean  longitude  is  the 
same  with  the  longitude  of  the  star,  their  difference  of 
latitude  exceed  1°  37'  there  cannot  be  an  occultation; 
but  if  the  difference  be  less  than  51',  there  must  be  an  oc- 
cultation somewhere  on  the  earth.  Between  these  Umits 
there  is  a  doubt,  which  can  only  be  removed  by  the  calcu- 
lation of  the  moon's  true  place. 

83.  The  construction  for  an  occultation,  is  nearly  the  same  as  for  an 
eclipse  of  the  sun.  There  is  however  a  difference  in  some  parts.  The 
radius  CB,  Fig,  31,  must  be  equal,  P,  for  a  star,  and  P*-p  for  a  planet,  ' 
p  being  the  horizontal  parallax  of  the  planet.  The  arcs  FH,  FK,  EG,  and 
EI  must  be  equal  to  the  declination,  and  bd  to  the  longitude,  of  the  star  or 
planet.  In  determining  the  projected  place  of  the  star,  for  a  given  timet 
we  must  use  the  hour  angle  corresponding  to  the  difTerence  between  the 
given  time,  and  the  time  the  star  is  on  the  meridian. 

To  get  the  position  of  the  circle  of  latitude,  lay  off  the  declination  of 
the  star  or  planet,  from  D  to  ^,  and  draw  l/c  parallel  to  ab.  With  the 
centre  C  and  radius  Cc,  describe  the  arc  cm\  cutting  dm,  produced  if 
necessary,  in  m'.  Join  Cm',  which  will  be  the  circle  of  latitude,  as  is  easiij 
deduced  from  the  expression  for  the  angle  of  position  (6.21.  B.) 

The  distance  Cr'  on  the  circle  of  latitude,  must  be  equal  to  the  differ- 
ence or  sum,  of  the  latitude  of  the  moon,  and  that  of  the  star  or  planet, 
according  as  they  are  of  the  same,  or  of  different  names.  It  must  be  placed 
above  C,  when  the  moon  is  to  the  north  of  the  other  body,  but  below, 
when  it  is  to  the  south. 

For  a  star,  the  moon's  motion  in  longitude,  will  be  its  relative  motion 
in  longitude.  For  a  planet  the  moon*s  relative  motion  in  longitude  is 
obtained  by  subtracting  the  motion  of  the  planet  when  direct,  and  adding 
it  when  retrograde.* 

In  Fig.  33,  it  is  evident,  that  for  a  star  we  must  take  S6  and  Sr,  each 
equal  to  the  apparent  semi-diameter  of  the  moon  ;  and  for  a  planet,  equal 
to  the  sum  of  the  apparent  semi-diameters  of  the  moon  and  planet* 

84.  When  considerable  accuracy  is  required,  the  moon's  relative  motion 
on  the  ecliptic  must  be  reduced  to  its  motion  on  a  parallel  to  the  ecliptic, 
passing  through  the  star  or  planet.  This  is  done  by  multiplying  the  rela* 
tive  motion  in  longitude  by  the  cosine  of  the  latitude  of  the  star  or  planet. 
For  if  AB,  J^^.  36,  be  an  arc  of  the  ecliptic,  and  D£  the  corresponding 
arc  of  a  circle,  parallel  to  it,  we  have, 

EC  :  EF  ::  AB  :  DE=^^^^^. 
But,  EF  =  Ca  =  BC  cos  BCE  =  BC  cos  BE. 

*  The  apparcDt  motion  of  a  planet  is  sometimes  retrograde*  This  circmnstanoa  will 
be  more  particalarly  noticed  in  the  next  chapter. 
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TT         iM?      AB,BCco9BE      .^       -,„ 
Hence,  DE  = -— =»  AB  cos  BE. 

85.  The  difference  between  the  calculation  of  an  occultation  and  that 
of  an  eclipse  of  the  sun,  is  easily  deduced  from  what  has  been  said  in  the 
two  preceding  articles. 

86.  Observations  of  an  eclipse  of  the  sun  or  of  an  oc- 
cultation of  a  star,  made  at  places,  whose  longitudes  and 
latitudes  are  correctly  known,  furnish  means  of  deter- 
mining the  errors  of  the  tables  at  the  time ;  and  they  are 
frequently  used  for  that  purpose,  particularly  those  of  an 
occultation.  The  positions  of  many  of  the  stars  are  de- 
termined with  great  precision,  and  the  moon's  parallax 
and  apparent  diameter  are  very  accurately  known.  But 
the  moon's  longitude  and  latitude,  computed  from  the  best 
lunar  tables,  are  liable  to  errors  of  several  seconds.  Hence 
if  the  observed  time  of  beginning  or  end  of  an  occultation, 
of  a  star  whose  position  is  well  determined,  does  not  agree 
with  the  time  obtained  by  calculation,  the  difference  must 
depend  on  errors  in  the  computed  longitude  and  latitude 
of  the  moon. 

67.  It  is  evident  from  the  formulas  for  computing  the  parallaxes  in  lon- 
gitude and  latitude,  that  those  parallaxes  are  not  sensibly  affected  by  small 
errors  in  the  longitude  and  latitude.  The  errors  in  the  apparent  longi- 
tude and  latitude  may  therefore  be  considered  the  same  as  those  in  the 
true. 

88.  Let  a  and  e  be  the  apparent  distances  of  the  moon  from  the  star 
in  longitude  and  latitude,  respectively,  as  obtained  by  calculation  (or  the 
observed  time  of  beginning,  and  I  be  the  latitude  of  the  star.  Also  let 
X  ss  the  error  in  the  moon's  longitude,  and  y  b  the  error  in  the  latitude. 
Then  a-^-  x  and  c  +y  will  be  the  true  apparent  distances  of  the  moon 
irom  the  star  in  longitude  an3  latitude,  at  the  observed  time  of  beginning.* 
Ck>n8equeDt1yi  if  #  bs  the  moon's  apparent  semi- diameter,  we  have, 
(a  4- «)».  cos*  l+{c  +  y)»  —  #S 
or,  a"  COS*  1  +  2  ax  cos"  I  +  «*.  coa*  l  +  c^+2cy+ y^zsa^. 

Now  as  X  and  y  are  small  quantities,  the  terms  involving  their  squares 
may  be  omitted.    Hence,  if  ^  (s*  —  a*  cos*  I — c*)  sa  e,  we  have, 
a  cos*  I.  x  +  cy^BC. 

Ai  the  errors  x  and  y  will  not  sensibly  change  during  the  continuance 

*  The  signs  of »  and  y,  are  both  pat  affirmative.    If  either  or  both  of  them  ought  to 
be  negative,  it  will  be  determined  by  the  calcination. 
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of  an  oceuhatioRf  anotber  aiinilar  equation  may  be  obtained  from  an  ob^ 
servatioQ  of  the  end,  and  a  calculation  for  that  time.     Thus, 

a'i  co8«  Z.  X  -f  c'y  «  d. 

From  these  two  equations  the  values  of  x  and  y  are  easily  found. 

89.  The  errors  of  the  lunar  tables,  in  longitude  and 
latitude,  may  also  be  determined,  by  observing  the  moon^s 
right  ascension  and  declination,  either  at  the  place  for 
which  the  tables  are  constructed,  or  at  any  other  whose 
longitude  and  latitude  are  accurately  known.  From  the 
observed  right  ascension  and  declination,  the  moon^s  Ion* 
gitude  and  latitude  may  be  calculated  (6.18.)  and  thence 
the  errors  ascertained. 

90.  In  calculating  the  moon's  longitude  and  latitude  for 
any  instant  of  time,  as  reckoned  at  a  given  place  on  a 
meridian,  different  from  that  for  which  the  tables  are  con- 
structed, we  must  reduce  the  given  time  to  the  time  that 
is  reckoned  at  the  same  instant  at  the  latter  place.  This 
reduction  depends  on  the  difference  of  longitude  of  the 
two  places,  which  for  astronomical  purposes  is  generally 
expressed  in  time ;  one  mean  solar  hour  corresponding  to 
1 5°.  An  error  in  the  difference  of  longitudes  will  pro- 
duce errors  in  the  computed  longitude  and  latitude  of  the 
moon. 

91.  An  observation  of  an  occultation,  at  a  place  whose 
longitude  is  not  correctly  known,  furnishes  one  of  the  most 
accurate  means  of  determining  it  The  accuracy  will  be 
increased  if,  on  the  day  of  occultation,  the  errors  in  the 
tables  have  been  ascertained,  by  observations  at  a  known 
meridian. 

92.  Supposing  the  tables  accurate,  or  that  the  errors 
have  been  ascertained  and  allowed,  the  difference  between 
the  observed  and  calculated  time  of  the  beginning  or  end 
of  an  occultation,  or  of  an  eclipse  of  the  sun,  at  any  place 
whose  latitude  is  accurately  known,  must  depend  on  errors 
in  the  computed  longitude  and  latitude  of  the  moon,  pro- 
duced by  an  error  in  the  longitude  of  the  place. 

9Z.  A  small  error  in  the  longitude  of  the  place,  or  which  is  the  same, 
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10  the  difference  of  tine  as  reckoned  at  the  two  raeridiuiay  will  fery  little 
affect  the  iNirallaxes  in  longitude  and  latitude,  as  is  evident  from  Um 
fomiulie  for  computing  these  quantities.  Consequently  the  errors  pro- 
duced in  the  apparent  lougitude  and  latitude  will  he  sensihly  the  same  as 
in  the  true* 

94.  Let  m  and  n  be  the  moon's  hourly  motions  in  longitude  and  lati- 
tude respectively,  and  x  ss  the  error  in  the  dtflerence  of  meridians.  Then 
mx  and  nx  will  he  the  errors  in  the  moon's  computed  apparent  longitude 
and  latitude.  Hence,  a  and  c  being,  as  before,  the  computed,  apparent 
distances  of  the  moon  from  the  star  in  longitude  and  latitude,  and  #  the 
moon's  apparent  semi-diameter,  at  the  observed  time  of  the  beginning  or 
end,  we  have, 

(a  +  fwr)'.  cos*  1+  {c  +  «r)«  am  #«, 
or,  a*  cos"  1+2  amx  cos*  l  +  m^at^  cos*  i  +  c*  +  2  cnx  +  n*  «•  «  #■ 

Now  as  the  longitude  of  the  place  is  supposed  to  be  nearly  known,  x 
mast  be  a  small  quantity,  and  the  terms  involving  its  square  may  be 
neglected.    Hence  we  obtain, 

*•  —  u"  —  a*  cos"  I 
2  am  cos*  i  -f  2  «i' 
In  a  similar  manner  we  may  determine  the  longitude  of  a  plaoe»  from 
ao  observation  of  an  eclipse  of  the  sun. 

95.  Some  astronomers  think  the  apparent  diameter  of 
the  sun,  obtained  from  observation  and  given  in  the  solar 
tables,  is  too  great.  They  infer  this  from  a  comparison 
of  the  observed  time  of  the  beginning  or  end  of  a  solar 
eclipse,  at  a  known  meridian,  with  the  time  obtained  by 
calculation,  after  making  allowance  for  the  errors  in  the 
tables  in  other  respects.  To  account  for  it,  they  suppose 
the  apparent  diameter  of  the  sun  is  amplified  by  the  very 
lively  impression  so  luminous  an  object  makes  on  the  organ 
of  sight.  This  amplification  is  called  Irradiation.  Dus6- 
jour  thinks  that,  in  the  calculation  of  solar  eclipses,  the 
semi-diameter  of  the  sun,  as  given  by  the  tables,  ought  to 
be  diminished  by  3"^.  He  also  supposes  the  moon's  atmo- 
sphere inflects  the  rays  of  light,  so  as  to  produce  an  effect 
on  the  beginning  or  end  of  a  solar  eclipse,  or  of  an  occul- 
tation,  equal  to  a  diminution  of  2''  in  the  semi-diameter  of 
the  moon.    This  is  called  the  Inflexion  of  the  moon. 

The  subject  of  irradiation  and  inflexion  is  involved  in 
considerable  uncertainty.   Delambre  considered  the  exist- 
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ence  of  either  as  very  doubtful.  Professor  Bessel,  in  ob^ 
serving  the  transit*  of  Mercury  in  1832,  had  for  a  promi- 
nent object  the  determination  of  the  question  of  irradia- 
tion. From  his  observations,  it  appears  that  the  disc  of 
the  sun,  as  seen  through  the  telescope  used  by  him,  was 
not  affected  by  irradiation.  The  observations  of  Professor 
Argelander,  virho  observed  with  him,  but  with  an  instrs* 
ment  of  much  less  power,  indicated  some  irradiation; 
though  of  considerably  less  extent  than  was  assumed  by 
Dus6jour. 


CHAPTER  Xlt. 


OP  THE  PLANETS. 


1.  Hitherto  our  attention  has  been  chiefly  directed  to 
the  Earth,  and  to  those  two  conspicuous  luminaries,  the  Sun 
and  Moon.  We  shall  now  take  some  notice  of  the  bodies 
called  Planets.  These  bodies,  like  the  moon,  are  observed 
to  be  sometimes  on  one  side  of  the  ecliptic,  and  sometimes 
on  the  other.  Their  paths,  therefore,  cross  the  ecliptic. 
Their  apparent  motions  are  very  irregular;  sometimes 
Direct,  that  is  from  west  to  east,  or  according  to  the  order 
of  the  signs ;  and  sometimes  Retrograde^  or  from  east  to 
west  There  are  also  times,  at  which  a  planet  appears  to 
be  Stationary,  or  to  have  but  very  little  motion  for  several 
days. 

2.  The  points  in  which  the  path  of  a  planet  cuts  the 
plane  of  the  ecliptic,  are  called  the  JVodes.  The  node 
through  which  the  planet  passes,  from  the  south  to  the 
north  side  of  the  ecliptic,  is  called  the  JiscewUtig  node. 
The  other  is  called  the  Descending  node. 

3.  The  Geocentric  place  of  a  body,  is  its  place  as  seen 
from  the  earth.  The  Heliocentric  place,  is  its  place  as  it 
would  be  seen  from  the  sun. 

4.  If  a  straight  line  be  conceived  to  be  drawn  from  the 

^The  pfafinomeooa  called  a  tranrit  will  be  noticed  in  the  next  dupter. 
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centre  of  a  plaBet,  perpendicular  to  the  plane  of  the  eclip- 
tic, the  distance  from  the  point,  in  which  it  meets  the 
ecKptic^to  the  centre  of  the  sun,  is  called  the  Curiale  DU^ 
iance  of  the  planet.  The  point  is  called  the  Reduced  Plac€ 
(^the  planet. 

5.  If  the  reduced  place  of  a  planet,  the  centre  of  the 
sun,  and  the  centre  of  the  earth,  be  joined  by  three  straight 
lines,  they  will  form  a  plane  triangle,  lying  in  the  plane  of 
the  ecUptic.  In  this  triangle,  the  angle  at  the  centre  of 
the  earth  is  called  the  Ehngaiion ;  the  angle  at  the  centre 
of  the  sun,  the  Commutation;  and  the  angle  at  the  reduced 
place  of  the  planet,  the  Annual  ParaUax. 

6.  The  sun,  earth,  moon,  and  planets,  are  frequently 
designated  by  characters,  as  follows : — 


Sun         -        -        G 

Juno 

? 

Mercury      -        -    ^ 

Ceres 

-    ? 

Venus     -        -         ? 

Pallas 

^ 

Earth          -     ©  or  a 

Jupiter 

-    % 

Moon     -        -        c 

Saturn 

h 

Mars           -        -    J 

Uranus 

-     V 

Vesta      -        -        g 

VENUS. 

7.  We  commence  with  Venus,  it  being  the  most  bril- 
liant of  the  planets,  and  one  whose  phenomena  are  easily 
observed.  This  planet  always  accompanies  the  sun,  being 
seen  alternately  on  the  east  and  west  side,  and  never  re« 
ceding  from  it  more  than  about  45°.  When  it  is  to  the 
east  of  the  sun,  it  is  seen  in  the  evening  and  is  called  the 
Evening  Star ;  and  when  to  the  west,  it  is  seen  in  the 
morning  and  is  called  the  Morning  Star. 

The  evening  and  morning  star,  called,  by  the  ancient 
Greeks,  Hesperus  and  Phosphorus,  were  at  first  thought  to 
be  different  stars.  The  discovery  that  they  arc  the  same^ 
is  ascribed  to  Pythagoras. 

8.  When  Venus  is  the  evening  star,  and  is  at  its  greatest 
elongation  from  the  sun,  it  appears  through  the  telescope 
to  have  a  semicircular  disc,  like  the  moon  in  quadratures, 
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with  its  convexity  turned  to  the  we«t«*  Frooi  tbat  time, 
as  it  approaches  the  sun,  its  splendour  increases  for  a 
while,  though  the  breadth  of  the  illuminated  disc,  dimir 
nishes,  like  the  moon  in  the  wane.  At  the  same  time, 
the  diameter,  measured  by  the  distance  of  the  horns, 
increases. 

9.  Venus  continues  to  approach  the  sun,  till  at  length  it 
becomes  invisible,  in  consequence  of  the  sun's  superior 
light  After  some  time  it  appears  on  the  west  side,  and  10 
seen  in  the  morning  before  the  sun  rises. 

10.  Though  Venus  is  not,  in  general,  visible  at  the  time 
of  its  conjunction  with  the  sun,  it  has  sometimes  been  seai 
ts  a  dark  spot,  passing  over  the  sun's  disc.  This  pheno- 
menon is  called  a  Transit  of  Venus.  When  Venus  is  thus 
seen  on  the  disc  of  the  sun,  its  apparent  diameter  is  easily 
measured,  and  is  found  to  be  nearly  one  minute* 

11.  As  Venus  proceeds  to  the  westward  of  the  sun,  its 
disc  is  seen  as  a  crescent,  continually  increasing  at  the 
same  time  the  diameter  is  diminishing.  The  convexity  is 
then  turned  towards  the  east.  When  the  planet  is  at  its 
greatest  western  elongation,  the  disc  is  again  a  semicircle. 
From  that  time,  as  it  again  approaches  the  sun,  the  visi* 
ble  disc,  like  the  moon  after  the  first  quarter,  approaches 
nearer  to  a  circle,  and  just  previous  to  its  being  lost  in 
the  sun's  rays,  at  the  superior  conjunction  (10.12.  Note), 
the  disc  does  not  sensibly  differ  from  a  complete  circle. 
Its  diameter  is  then  only  about  10  seconds. 

12.  From  the  superior  conjunction  the  diameter  of 
Venus  increases,  but  the  apparent  disc  changes  from  a 
full  orb,  till,  at  the  greatest  eastern  elongation,  it  again 
becomes  a  semicircle.  The  period,  that  circumscribes 
all  these  changes,  is  the  same  as  the  time  from  one  con- 
junction to  another  of  the  same  kind.  This  period,  which 
is  the  synodic  revolution  (10.12)  of  Venus,  is,  at  a  mean^ 
about  584  days. 

13.  The  different  phases  of  Venus  are  readily  accounted 

*  In  observing  Veniu  with  a  telescope,  it  is  better  to  have  the  object  end  partly 
eofwed  in  order  to  diminish  the  iif  ht 
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for,  by  supposing  iC  to  be  an  opaque,  spherical  body,  re- 
volving round  the  sun  from  west  to  east,  at  a  distance  less 
than  that  of  the  earth,  and  shining  by  reflecting  the  sun's 
light 

14.  Venus  never  deviates  more  than  a  few  degrees  from 
the  plane  of  the  ecliptic.  By  supposing  it  to  move  in  a 
circular  orbit  in  the  plane  of  the  ecliptic,  we  can'  easily 
obtain  an  approximation  to  its  distance  from  the  sun,  in 
parts  of  the  earth's  distance.  Calling  the  earth's  distance 
from  the  sun  l,let  jp  be  the  distance  of  Venus  from  the 
sun.  Then  its  distance  from  the  earth  at  inferior  con- 
junction will  be  1  —  X  ;  and  at  superior,  1  -f  x.  Hence, 
(7.13),  1  +x  :  1  —or  ::  60"  :  10'  i<  6  r  1,  and  conse- 
qoently  7a?  =  5,  or  j?  =  .714. 

15.  Since  the  visible  disc  of  Venus  when  at  its  greatest 
elongation,  either  eastern  or  western,  is  a  semicircle,  it  is 
evident  that  the  annual  parallax  (5)  of  the  planet  is  then 
a  right  angle.  Hence  taking  45""  as  the  greatest  elonga- 
tion, the  distance  of  Venus  from  the  sun,  found  by  trigo- 
nometry, is  .707.  As  the  distance  of  Venus  from  the  sun, 
in  different  posititions  is  determined  to  be  nearly  the  same, 
it  appears  the  orbit  is  nearly  a  circle. 

16.  From  the  synodic  revolution  (1 2),  the  periodic  revo- 
lution may  be  determined.  For,  from  the  time  Venus  is 
in  conjunction  with  the  sun,  till  it  is  again  in  conjunction 
of  the  same  kind,  its  angular  motion  about  the  sun  must 
exceed  the  earth's  by  a  complete  revolution,  or  360"". 
The  periodic  revolution  of  Venus  is  224  d.  17  h.  nearly. 

If  <  a  684  oi  tho  synodic  revolution  in  days,  m  =  59'  8"  »  the  earth's 
motion  in  one  day*  x  » the  diurnal  motion  of  Venus,  and  p  ■■  the  periodic 
time,  we  have, 

tx  »  36^  +  tm, 

360® 
oXyX^m^ —  ■■  1®  36', 

and  p--—  -  -__^  =224d.  17h.  nearly. 

Another  method  of  finding  the  periodic  time  will  be  giTen  in  a  snc- 
ceeding  article. 
19 
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17.  A, while  after  the  greatest  eastern  elongation,  Venas 
becomes  nearly  stationary  with  respect  to  the  fixed  stars, 
having  for  a  short  time  no  sensible  motion  in  longitude. 
After  that  its  motion  becomes  retrograde,  and  continues 
so  till  near  the  greatest  western  elongation,  when  being 
again  a  short  time  stationary,  it  afterwards  becomes  direct. 
The  motion  then  continues  direct  through  the  remaining 
part  of  the  synodic  revolution.  These  are  necessary  con- 
sequences of  the  respective  distances  of  the  earth  and 
Venus  from  the  sun  and  of  their  respective  motions  in  their 
orbits. 

As  it  will  simplify  the  explanation  and  will  produce  no 
material  error,  we  may  still  suppose  the  orbit  of  Venus  to 
coincide  with  the  plane  of  the  ecliptic.  Let  S,  Fig.  37, 
be  the  sun,  BDP;?  the  orbit  of  Venus,  and  Ee  a  part  of  the 
earth's  orbit.  Also,  let  E  and  P  be  the  positions  of  the 
earth  and  Venus  at  the  time  of  inferior  conjunction,  and  e 
and  /?,  their  places  one  day  after.  Draw  eC  parallel  to  ES. 
Now  in  the  triangle  eSp,  we  know  eS  =  1,  Sp  =  .71  nearly, 
eSp  =  pSP  —  cSE  =  r  36'  —  .W  =  37'.  Whence  the 
angle  Sep  is  found  =  r  31'.  But  the  angle  ScC  =  ESc 
=  59'.  Since,  therefore,  the  angle  Sep  is  greater  th,?tn  the 
angle  ScC,  the  position  of  p  is  to  the  right  hand  or  west 
of  cC,  and  consequently  the  apparent  motion  of  Venus  is 
retrograde,  in  this  part  of  the  orbit.  It  is  evident,  without 
computation,  that  the  motion  of  Venus  must  be  direct,  in 
the  part  of  the  orbit  opposite  to  the  earth.  It  is  also  plain 
that  when  the  motion  is  changing  from  direct  to  retro- 
grade or  the  contrary,  the  planet  must  appear  stationary 
for  a  time. 

18.  Admitting  the  truth  of  Kepler's  third  law,  (7.30), 
and  supposing  the  planets  and  earth  to  move  in  circular 
orbits  in  the  plane  of  the  ecliptic,  it  may  be  proved  by 
analytical  investigation,  that  the  apparent  motion  of  each 
planet  must  be  retrograde  in  the  part  of  the  orbit  next  the 
earth,  and  direct  in  the  opposite  part.  We  may  also,  by 
such  investigations,  determine  the  Stationary  points,  that  * 
is,  thepoints  at  which  the  planet  appears  stationary;  and 
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likewise  the  timee  during  which  the  motions  of  each  planet 
must  appear  retrograde.  Now  the  planets  do  not  move 
in  the  plane  of  the  ecliptic,  nor  in  circular  orbits;  but  none 
of  them,  or  at  least  none  except  Pallas,  deviate  so  far  in 
either  respect,  as  much  to  affect  the  results  obtained  on 
those  suppositions. 

The  computed  durations  of  the  retrograde  motions  of 
the  planets  are  found  to  agree  very  nearly  with  the  dura- 
tions obtained  by  observation.  This  near  agreement  forms 
a  strong  proof  in  favour  of  the  earth's  motion  and  of  the 
Copernican  System. 

19.  When  Venus  is  in  or  near  to  its  superior  conjunc- 
tion, nearly  the  whole  of  its'  enlightened  disc  is  turned 
towards  the  earth.  On  account,  however,  of  its  greater 
distance,  when  thus  situated,  the  light  received  from  it  at 
the  earth  is  then  by  no  means  so  great  as  in  some  other 
positions.  The  position  which  Venus  must  have  when  it 
yields  the  greatest  quantity  of  light  to  the  earth  is  easily 
determined  by  an  ivestigation  in  differential  calculus. 
This  is  found  to  take  place  when  the  planet  is  in  the 
inferior  part  of  its  orbit,  and  has  an  elongation  of  about 
39o  43' ;  which  occurs  about  36  days  before  and  after  infe- 
rior conjunction.  At  these  times  and  for  several  preced- 
ing and  following  days,  Venus  is  a  very  conspicuous  object ; 
its  brilliancy  being  such  as  to  render  it  distinctly  visible  with 
the  naked  eye^  during  the  day  time.  This  is  especially  the 
case  when  being  in  the  position  mentioned,  it  has  at  the 
same  time  considerable  north  declination;  as  it  then 
acquires  a  greater  elevation  above  the  horizon,  and  con- 
sequently its  light  is  less  dissipated  in  traversing  the  atmo- 
sphere, than  when  farther  south. 

POSITION  OF  THE  NODES. 

20.  When  a  planet  is  at  either  of  its  nodes,  it  is  in  the 
plane  of  the  ecliptic,  and  consequently  its  latitude  is  no- 
thing. Now  from  the  observed  right  ascension  and  decli- 
nation of  a  planet  at  any  time,  its  geocentric  longitude 
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and  latitude  may  be  calculated  (6.19).  If  several  longi- 
tudes and  latitudes  be  thus  obtained,  about  the  time  the 
planet  is  passing  from  one  side  of  the  ecliptic  to  the 
other,  the  exact  time  at  which  its  latitude  is  nothing, 
may  be  obtained  by  proportion,  and  also  its  longitude  at 
that  time.  This  longitude  of  the  planet  will  evidently  be 
the  geocentric  longitude  of  the  node.  If  similar  observa- 
tions and  calculations  be  made  when  the  planet  returns  to 
the  same  node,  we  shall  again  have  the  geocentric  longi- 
tude of  the  node,  which  on  account  of  the  different  posi- 
tion of  the  earth  in  its  orbit,  will  be  different  from  the 
former.  From  these  two  longitudes,  supposing  the  node 
t6  have  no  motion,  its  heliocentric  longitude  may  be 
determined. 

Let  S,  JF^.  38|  be  the  sun,  N  the  node,  E,  the  place  of  the  earth  at  the 
time  the  planet  was  found  to  be  in  the  node  from  the  first  set  of  obserta- 
tions,  and  E'  iU  place  at  the  second  time.  Also  let  EQ»  E'Q  and  SQ, 
all  parallel  to  each  other,  represent  the  direction  of  the  Ternal  equinox. 
Put  y  SB  SE  a  radius  vector  of  the  earth  at  the  first  time,  the  mean 
radius  vector  being  a=  1,  S  b=s  QES  »  sun's  longitude,  G  a  QEN  =  the 
geocentric  longitude  of  the  node,  and  V,  S'  and  G'  the  same  quantities  for 
the  second  time.  Then  if  «  «  SN  =  radius  vector  of  the  planet  when  at 
the  node,  and  N  a  QSN  cs  the  heliocentric  longitude  of  the  node,  we 
have, 

SEN  =  QES--QEN  =  S  — G,' 
SNE  a  QAN  — QSN  =  QEN—  QSN  =-  G  —  N, 

sin  SNE  :  sin  SEN  :  :  SE  :  SN, 
sin  (G  — N)  :  sin  (S  — G)  :  :  V  :  ©, 
.    V.  sin  (S—  G)  -  V.  sin  (G  —  N). 
In  like  manner,  \\  sin  (S'  —  G')  =  v.  sin  (G'—  N). 

Therefore, 

V  sin  (S  —  G)        sin  (Q  —  N)  _  sin  G  cos  N  —cos  G  sin  N 

v.  sin  (S'  —  G')  ""  sin  (G'  —  N)      sin  G'  cos  N  —  cos  G^  sin  N 

—    sin  G  —  cos  G  tan  N         ' 

~  sin  G^  —  cos  G'  tan  N 

Hence, 

I  sin  G 

I  cos  G 

^   .         ,  V.  sin(S— G) 

We  have  also  «  «  — : — -^ — — r--'. 
sm  (G  —  N) 


V,  sin  (S  —  G)  sin  G^  —  V^  sin  (^  —  G')  i 
^"  V  sin  (S  —  G)  cos  G'  —  V'.  sin  (V  —  G')  i 
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21  •  From  observations  made  at  distant  periods,  it  is 
found  that  the  nodes  of  the  planets  have  slow  retrograde 
motions. 

22.  The  heliocentric  longitude  of  cither  node  being 
determined  from  observations  ontbe  planet,  when  in  that 
node,  and  the  motion  of  the  node  being  also  ascertained, 
its  heliocentric  longitude  may  be  found  for  any  given  time. 
When  the  heliocentric  longitudes  of  the  two  nodes  of  a 
planet  are  thus  determined  for  the  same  time,  they  are 
fbond  to  differ  ISO''.  Hence  it  follows,  that  the  line  of  the 
nodes,  and  consequently  the  plane  of  the  orbit,  passes 
through  the  centre  of  the  sun. 

INCLINATION  OF  THE  OBBIT. 

23.  The  place  of  the  node  of  a  planet  being  known,  the 
inclination  of  the  orbit  may  be  easily  determined. 

To  do  this,  fiad  the  geocentric  longitude  and  latitude  of  the  planet,  at 
the  time  the  longitude  of  the  sun  is  the  same  with  that  of  the  node.  Let 
£Np,  Fig.  39,  be  the  plane  of  the  ecliptic,  E,  the  earth,  S,  the  sun,  N, 
the  node,  P,  the  planet,  Pp,  perpendicular  to  the  ecliptic,  and  pD,  perpen- 
dicular to  EN,  the  line  of  the  nodes.'  Then  PDp  is  the  inclination  of  the 
orbit.  Pat  E  =  pEN  ma  the  difference  between  the  geocentric  longitude 
of  the  planet  and  the  longitude  of  the  sun,  a  «  the  geocentric  latitude  of 
the  planet,  and  I  b  PDp  =  the  inclination  of  the  orbit.  Then, 
Pp  as  Ep.  tan  X,  and  Dp  a  Ep.  sin  E. 

Pp      ten  X 

Hence,  tan  I  «=  =^  «»  -: — - . 

Dp      sin  £ 

PERIODIC  TIME. 

24.  The  interval  from  the  time  the  planet  is  in  one  of 
the  nodes,  till  its  return  to  the  same,  making  allowance 
for  the  motion  of  the  node,  gives  the  sidereal  revolution 
of  the  planet  The  sidereal  revolution  of  Venus  is  224  d. 
16  h.  49  m.  8  sec. 

HELIOCENTRIC  LONGITUE  AND  LATITUDE,  AND  RADIUS  VECTOR. 

25.  The  place  of  the  node  and  the  inclination  of  the 
orbit  being  known,  we  may  deduce  the  heliocentric  longi- 
tude and  latitude  of  a  planet,  from  tlie  geocentric  longitude 
and  latitude  obtained  from  observation. 
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LeipE&N,  Fig.  40,  be  the  plane  of  the  ecliptic,  B,  the  earth,  S,  the 
sun,  P,  the  planet,  N  the  node,  Vp  perpendicular  to  the  'ecliptic,  pD  per- 
pendicular  to  SN,  and  £Q  and  SQ  the  direction  of  the  vernal  equinox. 

Put  N  SB  the  heliocentric  longitude  of  the  node,  S  ss  the  sun^s  longi- 
tude, E  =■  the  earth's  longitude  =  8+1 BO^,  G  s  the  geocentric  longi- 
tude of  the  planet,  x  be  the  geocentric  latitude,  L  b  the  heliocentric 
longitude,  I  =  heliocentric  latitude,  I  « the  inclination  of  the  orbit,  V  a 
the  radius  vector  of  the  earth,  and  o  =  tlie  radius  vector  of  the  planet. 
Then, 

NSp  =  L  — N,SEp  =  G  — S,  ES/)  =  E  — L,  EpS  =»  1 80°  —  SEp 
—  ESp«  180°  — G  +  S— E-j.L«=lttO  — G  +  S—  180*^  — S  +  L 
=  L— G. 

Now,  Ep.  tan  X  ■»  Pp  Bs  Sp.  tan.  2, 
Un.  X      Sip      sin  SEp      sin  (G  —  8) 
tan.   r"  1^  "*  sin  ESp  "^  sin  (E  —  L)* 
Un.  X  sin  (E  —  L)  —  ten.  I  sin  (G  —  8)  (A). 

Also, 

I)p-:Sp.8in{L  — N), 
Sp.  tan.  2  =  Pp  e=  Dp.  tan.  I «  Sp.  sin  (L  —  N)  tan.  I, 
ten.  I  8  sin  (L  — N)  ten  I. 
Hence, 

tan.  X  sin  (E  —  L)  =  sin  (L  —  N)  sin  (G  —  S).  tan.  I, 
or,  tan.  X  sin  [(E  — N)— (L  — N)]  «  sin  (L  — N)  sin  (G  — S)  tan  I, 
tan  X  sin  (E  —  N)  cos  (L — N)  —  tan  x  cos  (E — N)  sin  (L  —  N)s=sin 
(L  —  N)  sin  (G  —  S)  tan.  I, 

ten  X  sin  (E  — N)  — tan  x  cos  (E  — N)  tan  (L  — N)  ««  ten(L  — N)sin 
(G  — S)tan.  I, 

,,  _^v       ten  X  sin  (E  ^  N) 

^         ^  ""  ten  X  cos  (E— N)  +  sin  (G  — S)  tan  1* 
Hence,  L  ^(L  —  N)  +  N,  becomes  known. 
We  have  also  (A), 

,      tan  X  sin  (E  —  L) 

ten,  I  — — —^^ — -— i. 

sin  (G  —  S) 

From  the  triangle  EpS,  we  have, 

ES  sin  SEp  _  V  sin(G  — 8) 


^*"     sin  EpS  sin(L  — G)  ' 

Sp  V8in(G  — S) 

Hence,  9=  — gg-  « .    .^  .■. ~r. 

cos  PSp      COS.  /.  sin  (L  —  G) 

26.  The  sam  of  the  longitude  of  the  node,  and  of  the 
angle  contained  in  the  order  of  the  signs,  between  the 
right  line,  joining  the  sun  and  node,  and  the  radius  vector 
of  the  planet,  is  called  the  Orbit  Longitude  of  the  planet 
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Thus  the  orbit  longitude  of  the  planet  at  P,  Fig.  40,  is 
QSN  +  NSP. 

If  L'  Bi  tbe  orbit  loogitude,  then. 

Dp  =  SD-  tan  (L  —  N),  and  SD.  tan  (L'  —  N)  «  DP  -  ^j 

_SD.  tan(L  — N) 
cos  i 

Hence,  tan  (V  -  N)  e«  ^^^(^-^\ 
'  coa,  1 

LONGITUDE    OF    THE    PERIHELION,    ECCENTRICITY,    AND    SEMI- 
TRANSVERSE    AXIS. 

27.  Assuming  the  orbit  of  the  planet  to  be  an  ellipse, 
we  may,  from  the  heliocentric,  orbit  longitude,  and  the 
radius  vector,  found  for  three  different  times,  determine 
the  longitude  of  the  perihelion,  the  eccentricity,  and  the 
semi-transverse  axis. 

Let  APD,  Fig.  41,  be  the  orbit,  A  tbe  perihelion,  and  P,  P'  and  P", 
tbe  three  positions  of  the  planet.  Then  SP,  SP  and  SP",  the  three  radius 
vectors  are  koown,  and  also  from  the  longitudes,  the  angles  PSP'  and 
PSP". 

Put  tj  =  SP,  »'  =  SF,  v"  =  SP",  X  «  ASP,  0  mm  PSF.  if  «  PSP',  a 
^  semi'transTerse  axis,  and  ae  wm  the  eccentricicitj.  Then,  (Conic  Sec- 
tions*) 

„.,fL(ir-J!L B 

1  +  e.  cos.  X 


g.  (l—e*) 


C 


1  +  €.  cos  (x  +  0) 
^,„       a.(l-0  .        .        .        .        D 

1  +  «.  COS  {x  +  f) 

From  B  and  C, 

v+ve.  COS.  a;  =s «'  + 1/ e.  cos  {x  +  6) 

V.  COS.  X 1/.  COS  {x  +  0) 

In  like  manner  from  B  and  D, 

e  «3 jz 7 — ; — \  -        -        J* 

V.  COS  X  —  v\  COS  (a?  +  f) 

Put  v'  —  9  B  m,  and  o"  -—  o  a  n,  then  from  E  and  F,  we  have, 

m       V,  COS  X  —  v',  COS.  (x  +  0) 

n  ""  p.  COS.  X — i/'.  COS.  {x  +  f) 

*  See  Appendix,  Article  51. 
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9.  COS*  X  —  «'.  CO84  6  COS.  :r— <«'  Bin.  6  rin.  a; 

V.  COS.  a;  —  1/'.  cos.  f  cos.  x  —  tf\  sin  ^  sin.  a; 

t?  —  v\  COS.  0  —  p".  sin.  ^  tan,  a? 

t>  —  c".  COS.  f  —  c",  sin.  f  tan. «' 

n  (1?  — D*.  COS.  0)  —  HI.  (d  —  f>".  COS.  «) 

Hence,  tan.  x  =  — ^ -7—: — '-- -4 — : 1-'. 

n  i<.  sin.  0  —  mo  \  sin.  ^ 

The  value  of  a;  being  determined,  if  it  be  subtracted  from  the  orbit 
longitude  of  the  planet  in  the  first  position,  the  remainder  will  be  the  orlMt 
longitude  of  the  perihelion.  If  L  be  the  ecliptic  longitude,  and  U  the 
orbit  longitude  of  the  perihelion,  we  have,  (26), 

tan  (L  —  N)  -  tan  (L'  —  N)  cos  I. 

The  value  of  €,  the  ratio  of  the  eccentricity  to  the  semi-transverse  axis 
may  be  found  from  either  of  the  expressions,  E  and  F ;  and  a,  the  semi- 
usy  from  either  B,  G,  or  D. 


28.  When  the  longitude  of  the  perihelion,  the  eccentri- 
city, and  the  semi-transverse  axis,  of  the  orbit  of  any 
planet,  are  determined  from  several  sets  of  observations, 
not  very  remote  from  each  other,  they  are  found,  respect- 
ively, to  be  very  nearly  the  same.  Hence  it  appears,  the 
assumption,  that  the  orbit  is  an  ellipse,  is  true,  or  at  least 
nearly  so. 

29.  From  observations  made  on  the  different  planets, 
at  remote  periods,  it  is  found  that  the  perihelions  have  slow 
motions.  The  motion  of  the  perihelion  of  Venus  is  retro- 
grade.   Those  of  the  other  planets  are  direct. 

The  eccentricities  of  the  orbits  are  also  subject  to  con- 
tinued, but  very  minute  changes.  Some  of  them  are  at 
present  increasing,  others  diminishing. 

The  semi-transverse  axes  of  the  orbits  do  not  change.  This 
was  first  discovered  by  La  Grange,  from  investigations  in 
Physical  Astronomy,  and  it  is  found  to  be  conformable  to 
observation. 

EPOCH  OF  A  PLANET  BEING  AT  THE  PERIHELION  OF  ITS  ORBIT. 

30.  From  several  observations  of  the  planet  about  the 
time  it  has  the  same  longitude  as  the  perihelion,  the  cor- 
rect time  of  its  being  at  the  perihelion,  may  be  easily 
determined  by  proportion. 
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ELEMENTS  OP  THE  ORBIT  OF  A  PLANET. 

31.  The  longitude  of  the  ascending  node  of  the  orbit, 
the  inclination  of  the  plane  of  the  orbit  to  the  ecliptic,  the 
mean  motion  of  the  planet  round  the  sun,  the  mean  dis- 
tance of  the  planet  from  the  sun,  or  which  is  the  same,  the 
semi-transverse  axis  of  its  orbit,  the  eccentricity,  the  lon- 
gitude of  the  perihelion,  and  the  time  when  the  planet  is 
in  the  perihelion,  are  called  the  Elements  of  the  Orbit. 

32.  There  are  various  other  methods  for  determining 
the  elements  of  the  orbit,  besides  those  which  have  been 
given  in  the  preceding  articles.  Those  which  are  founded 
on  observations  of  jhe  planet,  when  in  conjunction,  oppo- 
sition, and  in  the  nodes,  are  among  the  most  accurate-    . 

The  elements  of  the  orbit,  may  also  be  determined  fvith 
tolerable  accuracy,  by  certain  methods  of  estimation  and 
computation,  without  extending  the  observations  to  the  time 
of  the  planet's  passage  through  the  node.  These  methods 
were  applied  on  the  discovery  of  the  new  planets. 

33.  When  the  elements  of  the  planet's  orbit  have  been 
accurately  determined,  from  a  great  number  of  observa- 
tions, the  equation  of  the  centre  may  be  calculated,  and 
tables  may  be  formed,  which  will  give  the  heliocentric 
longitude  and  latitude,  and  the  radius  vector  for  any  given 
time.  But  the  most  of  the  planets  are  sensibly  affected 
by  the  mutual  attractions  among  one  another.  The  per- 
turbations thus  produced,  have  been  calculated  for  several 
of  the  planets,  and  form  a  part  of  complete  tables  of  the 
planets.* 

GEOCENTRIC  LONGITUDE  AND  LATITUDE. 

34.  From  the  heliocentric  longitude  and  latitude  of  a  planet, 
as  obtained  from  tlie  iabks^  to  find  the  geogenlric  longitude  aiid 
htUude. 

Put  p  »  £j>S  es  annual  parallax,  Fig.  40,  E  »  SEp  =  the  elongatiortr 

*  The  best  tables  of  the  planets  are  those  by  Lindenau^  for  Mercury,  Venus  antf 
Mars,  with  the  explanations  in  Latin ;  and  thoee  by  Bwnard^  for  Jupiter,  Saturn  and 
UranaSt  with  the  explanations  in  French. 
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S  a  ESp  =  the  commutation,  I  =  PSp  s  the  heliocentric  latitude,  A  » 
PEp  ss  the  geocentric  latitude,  V  =s  ES  =  radius  vector  of  the  earth,  and 
V  sss  SP  a  radius  vector  of  the  planet.     Then  Sp  =  v,  cos.  L 
Now,  hy  trigonometry, 

ES  +  Sjp  :  ES  — Sp  :  :  tan  i  (EpS  +  SEp)  :  tan  i  (EpS  — SEp), 
or,  V  +  «•  COS.  I  lY  —  v,  cos.  I  : :  tan  i  (p  +  E)  :  tan  i  (p  —  E). 

Hence,  tan  i  (p  —  E)  =     "7    '—.  tan  i  (p  +  E) 

V  "y"  V»  cos.  I 

V D.  cos.  Z    ^         ,    ,^«^o         „. 

V  +  0.  cos.  I  ^  ' 

V.  cos.  2 

^-=.  tan(90^  — iS). 


©.  cos. 


V 

Put,  tan.  0  «=  ^1^—.     Then  (App.  16), 

tani(p-E)ai^^J.tan.(90-iS) 

=  tan  (46°  —  fi).  tan  (90°  —  i  S). 

AndE=i(p  +  E)  — i(p  — E)  =  90°  — iS  — i(p  — E). 

If  0  =3  longitude  of  the  sun,  then 

Geocen^Umg.  of  the  Planet  =  &  +  E  =  0  +  90  — i  S  — i  (p  — E), 

For  the  geocentric  latitude,  we  have  (25.  A), 

sin.  E.  tan.  I 

tan.  A  = r— 5 . 

sm  S 

36.  When  a  planet  is  in  conjunction  or  opposition,  the  angles  of  elon- 
gation and  commutation,  and  consequently  their  sines  are  each  nothing* 
In  these  cases  the  geocentric  latitude  cannot  be  found  by  the  preceding 
formula.  It  may  however  be  easily  determined  in  a  different  manner. 
Let  E,  Fig*  42,  be  the  earth,  S  the  sun,  and  P  the  planet,  in  inferior  con- 
junction.   Then, 

Sp  =  9.  COS.  If  and  Pp  s=  e.  sin.  I. 

Also  Pp  =s  Ep.  tan  x  ==  (V  — .  ©.  cos.  j).  tan.  a. 

Hence,  (V — v.  cos.  /).  tan  a  =  o.  sin.  Z, 

V.  sin  I 

or  tan  a  =  ^ =. 

V  —  r.  COS.  I 

36.  From  the  triangles  SpP  and  EpP,  lig,  40,  we  easily  obtain  the 
distance  of  the  planet  from  the  earth.    Thus, 

EP.  sin.  A  =  Pp  =  «•  sin.  /. 

o,EP=!^:iill:-^ 

Sin  A 

37.  Let  «r  =  sun's  mean  horizontal  parallax,  that  is  the  parallax  when 
the  earth  is  at  its  mean  distance  from  the  sun,  designated  by  a  unit  or  1^ 
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psthe  horizontal  parallax  of  the  planet,  in  a  gi?en  position,  and  R  = 
the  radius  of  the  earth.     Then  (5.7), 

].  tir:=»R»EP.p, 
9        or*  sin  X 

The  parallax  of  Venus  when  in  inferior  conjunction  is  about  30''. 

38.  It  has  been  found  from  observations,  that  the  apparent  semi-diame- 
ter of  Venus,  when  at  a  distance  from  the  earth,  equal  to  the  earth's  mean 
distance  from  the  sun,  is  8".25.     Hence  if  ^  =  the  apparent  semi-diameter 
of  Venus,  when  at  a  given  point  P,  we  have  (7.13), 
8".26       8".25  sin.  x 


i^ 


£P  t>.  sin.  I 


TRANSIT  OP  VENUS. 


39.  When  Venus  is  in  inferior  conjunction^  if  it  is  so 
near  either  node,  that  its  geocentric  latitude  is  less  than 
the  apparent  semi^diameter  of  the  sun,  it  must  pass  be- 
tween the  earth  and  sun,  and  produce  the  phenomenon, 
called  a  transit  (10).  This  phenomenon  is  of  gr^at  im- 
portance on  account  of  its  use  in  determining  the  parallax 
of  the  sun,  and  thence  the  real  distances  atid  magnitudes 
of  the  bodies  in  the  solar  system.  Its  use  for  this  purpose 
was  first  made  known  by  Dr.  Halley. 

40.  A  synodic  revolution  of  Venus,  being  about  584 
days,  5  synodic  revolutions  will  be  2920  days,  or  8  years 
nearly.  It  follows,  therefore,  that  8  years  after  Venus  has 
been  in  inferior  conjunction,  it  is  again  in  inferior  conjunc- 
tion, nearly  on  the  same  day  in  the  year,  and  consequently 
nearly  in  the  same  part  of  the  heavens.  Hence  if  it  was 
near  the  node,  at  the  former  conjunction,  it  is  also  near 
the  same  node  at  the  latter.  If  there  was  a  transit  in  tlMt  V 
first  instance,  the  planet  may  perhaps  be  near  enough  to . 
the  node,  in  the  second,  to  occasion  another  transit.  A  ' 
more  particular  calculation  shows  that  whenever  there  is 
one  transit  of  Venus,  there  must,  generally,  be  another  at 
the  same  node,  8  years  before  or  after.  At  the  end  of  a 
second  period  of  8  years,  the  planet  is  too  far  from  the 
node,  at  conjunction,  for  a  transit  to  take  place.  When 
there  have  been  two  transits  at  one  node,  the  next  two 
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take  place  at  the  other  node,  but  not  till  more  than  a 
century  after  the  former. 

The  last  transits  of  Venus  were  in  the  years  1761  and 
1769.  The  next  transit  will  occur  on  the  8th  of  Decem- 
ber, 1874;  but  it  will  not  be  visible  in  the  United  States. 
On  the  6th  of  December,  1882,  there  will  be  another,  the 
beginning  and  end  of  which  will  both  be  visible  in  this 
country. 


41.  The  time  of  inferior  conjunction  of  Venin,  may  be  found  from  tables 
of  the  sun  and  Venus.  From  the  geocentric  longitude  and  latitude  of 
Venus,  calculated  for  the  time  of  conjunction,  and  also  for  a  time,  an  hour 
before  or  af\er  conjunction,  the  geocentric  hourly  motions  of  Venus  in 
longitude  and  latitude  uill  be  known.  The  geocentric  hourly  motion  lo 
longitude,  being  retrograde  must  be  added  to  the  sun's  hourly  motion,  to 
obtain  the  relative  hourly  motion,  which  will  also  be  retrograde.  From 
the  hourly  motion  in  latitude,  and  the  relative  hourly  motion  in  longitude, 
the  inclination  of  the  relative  orbit  may  be  found  in  the  same  manner  at 
the  inclination  of  the  moon's  relative  orbit,  in  eclipses  of  the  moon.  The 
apparent  semi-diameter  of  Venus  may  be  found  by  the  formula  in  a  pre- 
ceding article  (38). 

42.  Let  LMNQ,  Fig.  43,  represent  the  disc  of  the  sun,  C  its  centre, 
AB  a  part  of  the  ecliptic,  the  order  of  the  signs  being  from  A  to  B,  CLa 
circle  of  latitude,  and  vw  the  relative  orbit  of  Venus.  The  apparent  aio- 
tioD  of  Venus  being  retrograde^  will  be  in  the  direction  from  vtow. 

The  position  of  the  relative  orUt  is  adapted  to  the  transit  of  1769,  at 
which  time  the  latitude  of  Venus  was  north,  decreasing. 

With  the  centre  C  and  a  radius  equal  to  the  sum  of  the  semi-diameters 
of  the  sun  and  Venus,  let  arcs  be  described,  cutting  mv,  in  »  and  tp,  and 
with  a  radius  equal  to  the  difference  of  the  semi-diameters,  let  other  aros 
be  described,  cutting  moina  and  «.  The  situations  of  Venus  with  respect 
to  the  sun,  when  at  the  points  v,  at «,  and  tp,  are  respectively  called  the 
IHrst  External  Contact^  Firat  Internal  ConUtdj  Second  Internal  Caniactf 
and  Second  External  Contact* 

43.  The  times  of  the  different  contacts, 'as  seen  from  the  centre  of  the 
earth,  may  be  calculated  in  the  same  manner  as  the  beginning  and  end  of  aa 
eclipse  of  the  moon,  using  the  geocentric  latitude  of  Venus,  instead  of  the 
moon's  latitude,  the  sum  or  difference  of  the  semi-diameters  of  the  sun 
and  Venus,  instead  of  the  sum  of  those  of  the  earth's  shadow  and  moon, 
the  geocentric  hourly  motion  of  Venus  in  latitude,  instead  of  the  moon's 
hourly  motion  in  latitude,  and  the  relative  hourly  motion  of  Venus  in  lon- 
gitude, instead  of  that  of  the  moon. 
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PARALLAXES  OF  THE  S17N  AND  VENTTS. 

44.  Let  E,  Fig.  44,  be  the  earth,  V,  Venus,  and  aa'b'b, 
the  disc  of  the  bud.  Also  let  AGB  be  the  path  of  Venus 
over  the  sun's  disc  as  seen  from  E,  the  earth's  centre,  the 
latitude  of  Venus  being  north.  Then  to  a  spectator  at  I, 
towards  the  north  pole,  the  path  will  be  oH6,  which  being 
nearer  the  centre  is  greater  than  the  former.  Conse- 
quently the  duration  of  the  transit  as  seen  from  I,  is  longer 
than  as  seen  from  the  centre  of  the  earth.  To  a  spectator 
at  K,  towards  the  south  pole,  the  path  will  be  a'Fb\  which 
is  less  than  AB.  Hence  the  duration  is  shorter  than  as 
seen  from  the  earth's  centre.  The  difference  between  the 
durations  as  seen  from  I  and  K,  depends  on  the  parallaxes 
of  Venus  and  the  sun,  or  rather  on  the  difference  between 
the  parallax  of  Venus  and  that  of  the  sun.  This  difference 
is  called  the  Relative  Parallax  of  Venus. 

From  the  observed  durations  of  the  transit  at  the  two 
places,  the  relative  parallax,  and  thence  the  parallax  of 
the  sun,  may  be  determined. 

45.  Let  a',  Fig.  43,  be  the  place  of  the  centre  of  Venus,  at  the  lat 
internal  contact  as  seen  from  a  place  A  in  north  latitude,  where  the  com- 
mencement is  accelerated,  and  end  retarded  by  the  effects  of  parallax,  and 
let  aS  and  a'R  be  each  perpendicular  to  AB*    Put, 

T  =  time  of  let  internal  contact  for  the  earth's  centre, 
0  ss  the  same  for  the  place  A, 

E  a  CB  =  the  elongation  of  Venus  at  the  time  T, 
G  aa  aS  sa  thc  geocentHc  latitude  at  the  same  time, 
m  s  relative  hourly  motion  of  Venus  in  longitude, 
r  ss  hourly  motion  of  Venus  in  latitude, 
P  =  relative  parallax  of.Venus, 
n  =  relative  parallax  in  longitude  at  the  time  6, 
w  a  relative  parallax  in  latitude  at  the  same  time. 

Then  CR  «  E  +  «<  +  n*»  and  a'R  »  G  +  W  +  v*, 
CR»  +  a'R«  B  o'C  »  aC»  ^  CS«  +  aS\ 

*  The  unknown  quantities  n  and  v,  are  applied  with  affirmative  eigns,  althengfa 
one  of  them  at  least,  in  the  present  case,  must  be  negative.  This  produces  no  error 
in  the  investigation*  In  the  numerical  computation,  these  quantities  must  be  esed 
with  the  signs,  which  they  will  be  determined  to  have  in  particular  i 
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or,  {E  +  mi  +  ny  +  {G  +  rt  +  »)»  -  E«  +  G*, 
2Emi  +  2En  +  2nUn  +  mH*  +  n»  -f  2Grt  +  2G»  -f  2rtw  +  rt«  + 
ir«-0, 
(m»  +  r»).  <»  +  2.  (Em  +mn  +  Gr  +  r«-).  <  «  —  2.  (En  +  Q»  +  4 

^^  ^  2.  (Em  +  mn  +  Gr -h  r^) 

^      2.  (En  +  Gt  +  i  n»  -f  4  r«) 

-^  Em  +  mn  +  Gr  +  r«- 

It    a   SB -— ; 

m»+r» 

,  -      2.  (En  +  G»  +  i  n»  +  *  »»)        . 
and  ft  -  — ^ jjj5-p-j5 ^,  we  have. 

<«  +  2<U  »  —  ft 
««  +  2a<  +  a* «  a»  —  ft 

^  ^  2a       8a« 

ft         ft* 


^ .  &c. 

2a       8aB 

ft> 

But  — ,  and  all  the  following  terms  of  the  value  of  i,  are  extremely 

small  and  may  be  neglected.    Hence, 

£«_A  ^      En  +  Gw  +  in^  +  jw* 
2a  ™        Em  +  mn  +  Gr  +  r» 
En  +G»  +  4n»  +  4»" 


(E  +  n).  m  +  (G  +  »).  r 
Put  n  =  ttP,  and  w  =  «P|  then, 
Eti  +  Gp  +  ^tin  +  jgr  ^  ^   , 
'  (E+n).m  +  (G  +  ir)y  ^'  *"^' 

I  «  0  4- 1  --  e      (E  +  n).  m  +  (G  +»).  r-  *^' 

46.  Let  V  be  the  time  of  the  second  internal  contact  for  the  earth's 
centre»  and  0',  for  thd  place  A.  And  instead  of  E,  G,  m,  r.  n»  ri  ti  and 
9,  let  £',  G'y  m'y  r',  n',  v »  u*,  and  v'  be  the  values  of  the  corresponding 
quantities  at  the  2d  internal  contact.  As  the'  latitude  is  decreasing  and 
the  2d  internal  contact  for  the  place  A  is  later  than  for  the  earth's  centre* 
the  value  of  r  must  be  taken,  negative,  in  obtaining  the  latitude  at  the 
latter  time  from  that  at  the  former.  Attending  to  these  changes,  we 
have  in  like  manner  as  before, 

EV  +  GV  +  iii'n'  +  i«V  ^ 


^  =  6  + 


(E'  +  n').  m'-(G'+wO-»^' 


Pntg»^g-+*""  +  V^and 
(E  +  n).  m  +  (G  +  »).  r 
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(E'  +  n').»»'  —  (G' +  ,')•»' 
Then  T  «  6  —  0P,  and  T' =  fi' +  ^P, 

T'_T^  r  — 6  +  (|5  +  ^).  P. 
If  now  d  as  0' —  6,  and  «  >=  0  +  ^,  we  have, 
■T  — T  =  dH-»P. 

47.  If,  for  some  other  place  in  a  latitude  considerably  different  from 
that  of  A,  i  and  i  be  the  values  of  the  expressions  designated  by  d  and  #, 
we  shall  have  in  like  manner, 

T— T  =  d'  +  »'P. 
Hence,  d  +  «P  =  d'  +  «^P, 
»P  — /P-rd'  — d, 

P-*I1-^. 

48.  Id  this  ezpresBion  for  the  value  of  P,  the  two  quaotitiea  A  and  d' 
are  known  from  observation.  The  quantities  8  and  9'  depend  on  the 
values  of  0  and  ^  for  the  two  different  places  of  observation.  In  the 
expression  represented  by  j9,  the  values  of  £,  G,  m  and  r,  are  known. 
To  obtain  11  and  9,  let  L  »  the  geocentric  longitude  of  Venus,  and  A  = 
its  distance  from  the  north  pole  of  the  ecliptic.  Then  (10.64.  G.  and 
66.  G), 

sin  P  sin.  A  sin  (L  —  n  +  tl)       . 

sin  n  = '. — ^ \  and, 

sin.  A 

sin  «•  3=s  sin  P  cos  A  sin  (A  +  fr) 

sin  P  sin  ft  cos  (L  —  n  +  \  n)  cos  (A  +  «■) 

cos  i  n 

Or  because  n  and  nr,  are  very  small, 

sin  P  sin  A  sin  L  — «)  •  ,^^ 

Sm  n  =a r— r ^,  (Q) 

sm  A  ^    ^ 

aio  «r  es  sin  P  (cos  A  sin  A  —  sin  A  cos  A  cos  (L  —  nn  (R) 

w         ts^\  n       sin  n       sin  A  sin  (L  —  n) 

Hence  (46),  tf »  rr-  =>  t— ^  « ^^^ \ 

^    '^         P       sin  P  sin  A 

«  a=  CT-  =  -r-T^  =  cos  A  sin  A  —  Sin  A  cos  A  cos  (L  —  n). 
P       sinP  ^  ' 

The  other  two  quantities  n  and  sr,  contained  in  the  expression  repre- 
sented by  |3,  depend  on  P,  the  quantity  sought.  But  as  n  and  m  are  very 
small,  it  is  evident  from  examination  of  the  expression,  that  we  obtain  a 
near  value  of  0,  if  the  terms  in  which  they  enter,  are  omitted.  Hence  by 
taking, 

^      Ell  +  G»        .  „      EV  +  GV 
^*Efli+Gr'^"^^==EV-GV' 
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we  obtain  a  very  near  approximate  valae  of  P.  Then,  taking  n  «■  tiPt 
V  ss  oP,  n'  ss  u'F,  and  v  a  vT,  aad  again  calculating  the  values  of  0 
and  ff,  we  obtain  the  correct  value  of  P. 

49.  If  v  =  the  sun's  horizontal  paralliaz  at  the  time  of  the  transit,  m^ 

being  the  mean  parallax,  and  V  the  radius  vector,  we  have  «  ss  ^ 

At  the  time  of  a  transit,  the  latitude  of  Venus  is  so  small  that  we  may 
consider  its  sine  as  equal  to  its  tangent,  and  its  cosine  =  1.     Hence  (35)| 

v»  sin.  I       -  r«-.\ 
sm  X  «  -3= ,  and  (37), 

«r  sin  A  « 

^       V.  Sin  I       V  —  V 

Therefore  P«p-w'«.^-^=^j^^^^^ 
Hence,w=.P.-(V— d). 

50.  The  transit  of  1769  was  observed  at  Wardhos,  a 
small  island  on  the  north  coast  of  Europe,  and  at  Otaheite 
in  the  South  Sea,  and  the  duration  was  found  to  be  longer 
at  the  former  place,  than  at  the^  latter,  by  23  m.  10  sec. 
The  sun's  mean  horizontal  parallax,  determined 'from  the 
observations  made  at  those  places  is  8^7.  From  obser- 
vations made  at  other  places,  results  a  little  different  were 
obtained.  From  the  observations  of  the  two  transits  in 
1761  and  1769,  Professor  Bessel  finds  for  the  equatorial 
horizontal  parallax,  at  the  earth's  mean  distance,  8".5776 
or  8''.6  nearly.  Taking  the  mean  parallax  8".6,  its  great- 
est value  will  be  8".7  and  its  least  8".5. 

51.  Taking  the  sun's  parallax  8".6,  the  earth's  mean 
distance  from  the  sun  is  23984  semi-diameters  of  the 
earth,  (5.8),  or  95,000,000  English  miles,  nearly.  Thence 
from  the  sidereal  revolutions  of  the  earth  and  Venus,  the 
mean  distance  of  Venus  from  the  sun,  found  by  Kepler's 
third  law  (7.30),  is  69  millions  of  miles.  From  the  ob- 
served diameter  of  Venus,  when  at  a  known  distance  fromk 
the  earth,  its  real  diameter  is  easily  found.  It  is  about 
7600  miles. 

62.  It  is  found  that  Venus  revolves  on  its  axis,  from  west 
to  east,  in  23  h.  21  m.,  and  that  its  axis  is  inclined  to  the 
ecliptic  in  an  angle  of  about  IS"". 
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MSttCUEY. 

53.  Mercary,  like  Vemis,  always  accompanieB  tbo  sun* 
Its  greatest  elongation  is  about  i3\  The  phenomena  of 
Mercury  correspond  in  almost  every  part  with  those  of 
Venus,  only  that  it  is  &rther  from  the  earth  and  nearer  to 
the  sun^  and  consequently  more  difficuh  to  be  observed. 
Its  greatest  and  least  apparent  diameters  are  W.2  and 
5".  It  can  only  be  seen  by  the  naked  eye  when  in  favour- 
able positions. 

Mercury  makes  a  sidereal  revolution  round  the  sun,  in 
about  88  days,  at  a  mean  distance  of  37  millions  of  miles. 
Its  diameter  is  little  ortore  than  3,000  miles. 

On  account  of  thel  proximity  of  Mercury  to  the  sun,  it 
is  difficult  to  determine  whether  it  revolves  on  its  axis. 
l%roeter  thought  he  ascertained  that  it  made  a  revolution, 
fike  tbe  earth  and  Venus,  from  west  to  east,  in  24  b.  5  m. ; 
Md  that  its  axis  makes  but  a  small  angki  with  the  ecliptic 

54.  When  at  the  time  of  inferior  conjunction.  Mercury 
is  in  either  node,  or  very  near  to  it,  a  transit  of  Mercury 
takes  place.  Transits  of  Mercury  occur  much  more  fre* 
qoently  than  those  of  Venus.^  Those  that  will  take  place 
between  the  present  time,  1836,  and  tbe  end  of  the  cen>* 
tary,  will  be  on  the  8th,of  May,  1 845,  the  9th  of  November^ 
1848,  the  1  Ith  of  November,  1861,  tbe  4th  of  November, 
1868,  tbe  6th  of  May,  1878,  the  7th  November,  1881,  the 
9th  of  May,  1891,  and  the  lOtb  of  November,  1894.  Of 
these,  the  first,  second,  fifth,  and  last,  will  be  visible  in  this 
country. 

The  calculation  of  a  transit  of  Mercury  is  altogether 
similar  to  one  of  Venus. 

55.  Mercury  and  Venus  are  called  Inferior  planets,  be- 
cause their  orbits  are  included  within  the  earth's.  The 
Mfaers  are  called  St^erior^  because  their  orbited  are  without 
tbe  earth's. 

MAES. 

50.  Mara  and  all  tbe  other  superior  planets,  diflfer  fi'om 
Mercury  and  Venus,  in  being  seen  in  opposition  as  weH  9M 
21 
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in  conjunction.  The  disc  of  Mars  does  nof  present  the 
phases  of  the  two  inferior  planets,  but  it  is  observed,  in 
particular  situations,  to  deviate  very  sensibly  from  a  circle. 
The  apparent  diameter  of  Mars  undergoes  considerable 
change.    When  greatest  it  is  17",  and  when  least,  S^.d. 

The  sidereal  revolution  of  Mars  is  nearly  687  days,  and 
its  mean  distance  from  the  sun  is  144  millions  of  miles. 
Its  diameter  is  about  4000  miles. 

Mars  revolves  on  its  axis  from  west  to  east  in  24  h* 
39  m.,  and  its  axis  is  inclined  to  the  ecliptic  in  an  angle  of 
59^42*.  Its  polar  diameter  is  less  than  the  equatorial. 
According  to  the  measures  of  Arago,  these  diameters  are 
to  each  other  in  the  ratio  of  189  to  194. 

JUPITER  AND  ITS  SATELLITES. 

57.  Jupiter  is  the  most  brilliant  of  the  planets,  except 
Venus.  Its  apparent  diameter  when  greatest  is  44^5,  and 
when  least,  30". 

The  sidereal  revolution  of  Jupiter  is  about  4333  days^ 
or  nearly  12  years,  and  its  mean  distance  from  the  sun  is 
494  millions  of  miles.  The  diameter  of  Jupiter  is  89,000 
miles,  which  is  more  than  II  times  the  diameter  of  the 
earth.  The  magnitude  df  Jupiter  is  therefore  more  than 
1 300  times  that  of  the  earth. 

Jupiter  revolves  from  west  to  east,  on  an  axis  nearly 
perpendicular  to  the  ecliptic,  in  9  h.  56  m.  Its  polar  diame- 
ter is  to  its  equatorial  diameter,  in  the  ratio  of  167  to  177. 

58.  When  Jupiter  is  examined  with  a  good  telescope, 
its  disc  is  observed  to  be  crossed  near  the  centre  by  seve- 
ral obscure  spaces  which  are  nearly  parallel  to  each  other, 
and  to  the  plane  of  the  equator.  These  are  called  the 
Belts  of  Jupiter. 

59.  When  Jupiter  is  viewed  with  a  telescope,  even  of 
moderate  power,*  it  is  seen  accompanied  by  four  small 
stars,  nearly  in  a  straight  line- parallel  to  the  echptic. 
These  always  accompany  the  planet,  and  are  called  its 
SaidHtes.  They  are  continually  changing  their  positions 
with  respect  to  one  another,  and  to  the  pk&et,  bmng  Bome^ 

i 
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tiiaes  all  to  tbe  right,  and  soooietiiBes  nH  ta  the  left;  bat 
more  frequently  some  on  each  side.  Tbe  greatest  dis* 
taoces  to  which  they  recede  frofa  the  planet  on  each  side 
are  difierent  for  the  different  satellites^  and  they  are  thus 
distinguished :  that  being  called  the  Ftrsi  satellite,  which 
recedes  to  the  least  distance;  that  the  Second^  -which 
recedes  to  the  next  greater  distance,  and  so  on.  The 
satellites  of  Jupiter  were  discovered  by  Galileo,  in  1610. 

60.  .Sometimes  a  satellite  is  observed  to  pass  between 
the  sun  and  Jupiter,  and  to  cast  a  shadow  which  describes 
a  chord  across  the  disc.  This  produces  an  eclipse  of  the 
sun,  to  Jupiter,  analogous  to  those  which  the  moon  pro- 
duces  on  the  earth.  It  follows  that  Jupiter  and  its  satel* 
lites  are  opaque  bodies^  which  shine  by  reflecting  the  sun's 
light 

Jupiter  being  an  opaque  and  nearly  spherical  body, 
must  project  a  conical  shadow  in  a  direction  apposite  to 
tbe  sun.  When  either  of  the  satellites  enters  this  shadow, 
it  roust  suffer  an  eclipse  and  consequently  become  invisible. 
Observations  show  that  this  is  the  case.  The  satellites 
are  frequently  seen,  even  when  considerably  distant  from 
tbe  planet,  to  grow  faint,  and  in  a  little  time  entirely  to 
disappear.  Tbe  third  and  fourth  satellites  are  sometimes 
observed,  after  having  been  eclipsed,  again  to  become 
?isible  on  the  same  side  of  the  disc.  These  phenomena 
indicate  that  the  satellites  of  Jupiter  are  moons  which 
revolve  round  that  planet  in  like  manner  as  the  moon 
does  round  the  earth. 

61.  The  satellites  are  sometimes  on  the  opposite  side 
of  Jupiter  from  the  earth,  and  consequently  become  invi- 
sible. Sometimes  they  are  between  the  earth  and  Jupiter, 
in  which  case  they  arc  not  easily  distinguished  from  the 
planet  itself. 

When  a  satellite  is  invisible  in  consequence  of  entering 
into  the  shadow  of  Jupiter,  the  phenomenon  is  called  an 
Edipse  of  the  satellite. 

62.  Careful  and  repeated  observations  show  that  the 
motions  of  the  satellites  are  from  west  tp  east,  in  orbits 
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oeariy  circular,  and  making  dcnall  an^et  with  the  plane 
of  Jupiter's  orbit  Observations  on  the  edipsm  of  the 
satellites  make  known  their  synodic  revolutions,  from  which 
their  sidereal  revolutions  are  easily  deduced.  From  mea*- 
surements  of  the  greatest  apparent  distances  of  the  sateU 
litesfrom  the  planet,  their  real  distances  are  determined. 

63.  A  comparison  of  the  mean  distances  of  the  satellites^ 
with  their  sidereal  revolutions,  proves  that  Kepler's  third 
law  with  respect  to  the  planets,  applies  also  to  the  satellites 
of  Jupiter.  The  squares  of  their  sidereal  revolutions  are 
as  the  cubes  of  their  mean  distances  from  the  planet 

The  planets  Saturn  and  Uranus  are  also  attended  by 
satellites,  and  the  same  law  has  place  with  them. 

64.  The  orbits  of  the  third  and  fourth  satellites  are 
elliptical.  Those  of  the  other  two,  have  not  been  ascer- 
tained to  diflfer  sensibly  from  circles. 

6/>.  The  mutual  attractions  of  the  satellites  on  one 
another,  produce  inequalities  in  their  motions,  which  must 
be  taken  into  view,  when  it  is  designed  to  determine  from 
calculation  their  positions  at  any  given  time  with  accuracy. 
In  investigating  this  subject  La  Place  discovered  two  very 
remarkable  conditions,  that  connect  the  mean  motions  o( 
the  first  three  satellites. 

He  found.  That  the  mean  motion  of  the  first  sate&te^  added 
to  twice  the  mean  motion  of  the  thirds  is  exactly  equal  to  three 
times  the  mean  motion  of  the  second 

He  also  found,  That  the  mean  longitude  of  the  first  saieU^ 
less  three  times  that  of  the  second^  more  twice  that  of  the  third, 
must  always  be  equal  to  ISO"".  It  follows  from  this  circum- 
stance that  the  longitudes  of  these  three  satellites  can 
never  be  the  same  at  the  same  time,  and  consequently 
that  they  can  never  be  all  ecUpsed  at  once, 

66.  The  satellites  of  Jupiter  undergo  periodical  changes 
in  brightness.  From  very  attentive  observations  of  these 
changes.  Dr.  Herschel  inferred  that  each  satellite  revolves 
on  its  own  axis  in  the  same  time  that  it  makes  a  sidereal 
revolution  round  the  planet 

67.  Observations  on  the  eclipses  of  JupHer^s  satellitee 
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liave  led  to  the  discovery  of  a  very  important  fact;  whicii 
18,  that  the  Transmission  ofUght  is  Sttccessive. 

When  Joptter  i^  in  opposition,  the  eclipses  of  the  satel- 
Ktes  happen  earlier  than  they  ought  to  do,  according  to 
the  known  durations  of  their  revolutions,  and  on  the  sup- 
position that  the  transmission  of  light  is  instantaneous. 
On  the  contrary,  when  Jupiter  is  near  conjunction,  they 
happen  later  than  they  ought  to  do  on  this  supposition. 
The  variations  are  the  same  for  all  the  satellites,  and  are 
found  evidently  to  be  connected  with  the  distance  of 
Jupiter  from  the  earth ;  the  eclipses  happening  later  as  the 
distance  is  greater.  These  circumstances  are  easily  ex- 
plained and  the  amount  of  the  retardation  accurately 
accounted  for,  by  allowing  light  to  occupy  16  m.  26  sec. 
in  traversing,  with  a  uniform  motion,  a  distance  equal  to 
the  transverse  axis  of  the  earth's  orbit.  Hence  it  was 
inferred  by  Roemer,  a  Danish  astronomer  who,  in  1674, 
first  discovered  the  variations  in  the  times  of  the  eclipses, 
that  the  propagation  of  light,  instead  of  being  instanta- 
neous, is  actually  performed  with  a  measureable,  though 
immensely  great  velocity.  The  correctness  of  this  infer- 
ence has  since  been  fully  established  by  another  pheno- 
menon called  the  aberration  of  light,  which  will  be  noticed 
in  a  succeeding  chapter. 

68.  Since  light  is  16  m.  26  sec.  in  passing  over  a  dis- 
tance equal  to  the  diameter  of  the  earth's  orbit,  it  must  be 
8  m.  13  sec.  in  passing  from  the  sun  to  the  earth,  when 
these  bodies  are  at  their  mean  distance.  Its  velocity  is 
dierefore  192,000  miles  per  second,  which  is  greater  than 
any  other  with  which  we  are  acquainted. 

69.  The  eclipses  of  Jupiter's  satellites  furnish  a  simple 
means  of  determining  the  longitudes  of  places  on  land, 
with  considerable  accuracy. 

The  tables  for  calculating  these  eclipses,  constructed 
by  Delambre,  and  founded  on  the  theory  of  La  Place, 
give  the  times  of  beginning  or  end  of  the  eclipses,  with 
very  little  error.  These  times  are  calculated  and  inserted 
in  the  Nautical  Almanac,  for  the  meridian  of  Greenwich, 

Digitized  by  VjOOQ IC 


166  ASTHomwr* 

in  the  Astrorumisdus  Jahrbuch  for  the  meridiaD  of  BerUoi 
and  in  the  Connaisance  Des  Tems^  for  the  meridian  of  Paris. 

As  a  satellite  really  loses  its  light  by  entering  into  the 
shadow  of  Jupiter,  the  commencement  of  an  eclipse  mvurt 
be  seen  at  the  same  instant  by  all  observers,  however  dis- 
tant from  one  another.*  If,  therefore^  an  eclipse  of  onQ 
of  the  satellites  be  observed  at  a  place  whose  longitude 
is  required,  the  difference  between  the  observed  time,  and 
the  time  computed  for  the  meridian  of  Greenwich,  will 
give  the  difference  of  meridians^  supposing  die  tables  to 
be  accurate. 

This  method  of  finding  the  longitude  cannot  be  employ- 
ed at  sea,  because  the  motion  of  the  vessel  prevents  the 
use  of  telescopes  of  sufficient  power  for  observing  the 
eclipses. 

SATURN  WITH  ITS  SATELLITES  AND  RING. 

70.  Saturn  revolves  round  the  sun  in  about  10759  days, 
or  nearly  29i  years,  at  the  distance  of  905  millions  of 
miles.  Its  diameter  is  79,000  miles.  The  greatest  and 
least  apparent  diameters  of  Saturn,  are  20".l  and  16''.3. 

Saturn  revolves  on  its  axis  from  west  to  east,  in  10  h. 
29  m.  Its  axis  is  inclined  to  the  ecliptic  in  an  angle  of 
about  60o.  The  polar  diameter  is  to  the  equatorial,  in  the 
ratio  of  10  to  11. 

71.  The  planet  Saturn  is  distinguished  from  all  the 
other  planets,  in  being  surrounded  by  a  broad,  thin  ring, 
which  is  entirely  detached  from  the  body  of  the  planet. 
It  is  ascertained  to  be  opaque  and  to  shine  by  reflecting 
the  sun's  light.  This  ring  was  discovered  by  Huygens, 
and  is  discernible,  when  in  favourable  positions,  with 
telescopes  of  small  power. 

The  pjane  of  the  ring  is  inclined  to  the  ecliptic  in  an 
angle  of  3V  24'.    Consequently,  the  face  of  the  ring  can 

«  Thh  supposes  the  telesoopes  mecl  by  the  obsemsrs  to  be  of  eqoal  goodness.  F<yr, 
since  the  diminution  of  light  is  gradual  (60),  two  observers,  by  the  side  ofesch  otber« 
but  using  telescopes  of  different  poiver,  will  not  lose  sight  of  the  satellite  at  the  same 
instant.  The  obeerration  also  depends  on  the  state  of  the  air,  and  in  some  measure 
oil  the  eye  of  the  obsentr. 
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se?er  be  turndd  direcdy  towards  the  earth.  It  is  generally 
seen  under  the  form  of  an  eccentric  ellipse.  The  ring 
becomes  invisible  when  the  enlightened  face  is  turned 
from  the  earth.  On  account  of  its  little  thickness,  it  is 
also  invisible  in  two  other  cases.  These  are,  when  the 
plane  of  the  ring,  produced,  passes  through  the  centre  of 
the  earth,  and  when  it  passes  through  the  centre  of  the  sun. 

The  ring  revolves  round  an  axis,  perpendicular  to  its 
plane,  and  passing  through  the  centre  of  Saturn,  in  10  h.  ^ 
29  m. 

Observations  with  telescopes  of  high  power,  show  that 
the  ring  of  Saturn  really  consists  of  two  concentric  rings, 
entirely  separate  from  each  other.  The  breadth  of  the 
interior  ring  is  17,000  miles;  of  the  exterior  10,000  and  of 
the  space  between  them  1800.  The  distance  from  the 
centre  of  the  planet  to  the  inside  of  the  interior  ring  is 
59,000  miles.  The  thickness  of  the  rings  is  less  than  100 
miles. 

72.  Saturn  is  accompanied  by  peven  satellites,  which 
move  round  it  from  west  to  east  in  orbits  that  are  nearly 
circular.  The  orbits^of  the  first  six  nearly  coincide  with 
the  plane  of  the  ring ;  that  of  the  seventh  makes  a  less 
angle  with  the  ecliptic. 

URANVS  AND  ITS  SATELLITES. 

73.  The  planet  Uranus  was  discovered  by  Dr.  Herschel 
in  the  year  1781 .  It  revolves  round  the  sun  in  30687  days, 
or  a  little  more  than  84  years,  at  the  distance  of  1800 
millions  of  miles.  Its  diameter  is  35000  miles.  The 
greatest  and  least  apparent  diameters  are  4".l  and  3".7. 
The  distance  of  Uranus  is  so  great  that  its  revolution  on 
its  axis  has  not  been  ascertained. 

According  to  the  observations  of  Dr.  Herschel^  Uranug 
is  accompanied  by  six  satellites,  which  revolve  in  orbits 
nearly  perpendicujar  to  the  plane  of  the  ecliptic. 

VS8TA9  JUNO,  CERB8  AND  PALLAS. 

74.  These  four  planets,  although  less  distant  than  seve- 
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ral  of  tbe  others,  are  80  extremely  small  tlmt  they  cae 
only  be  seen  with  telescopes  of  considerable  power. 
Ceres  was  discovered  by  Piazzi  on  the  first  day  of  the 
present  century;  Pallcis,  by  Oibers  in  1B02;  Juno,  by 
Harding  in  1803;  and  Vesta,  by  Oibers  in  1807.  They 
revolve  from  west  to  east,  in  orbits  not  very  difierent  in 
eJKtent,  and  contained  between  those  of  Mars  and  Jupiter. 
The  orbit  of  Paiias  differs  from  those  of  all  the  other 
planets  io  the  greatness  of  the  angle  it  makes  with  the 
ecliptic.     This  angle  is  nearly  3^^ 

7d.  The  following  tables  contain  the  elements  of  the 
orbits  of  the  planets  and  the  periodic  revolutions  of  the 
satellites.  The  elements  of  the  four  new  planets  are  to 
be  considered  only  as  approximations.  The  epoch  taken 
is  the  1st  of  January,  1801,  at  mean  noon  on  the  meridian 
erf*  Greenwich ;  except  for  the  four  small  planets,  tlie  epoch 
for  whiefa  is  Jan.  1st,  1820. 

Sidereal  Revolutions  of  the  Planets. 

Dayfi. 

Mercury 87.969?68 

Venus '  224.700787 

The  Earth 366.266374 

Mars 686.979646 

Vesla 1326.743 

Judo 1692.661 

Ceres 1681.393 

Pallas 1686.639 

Jupiter 4332.684821 

Saturn             10769.219817 

Uranus 30686.820830 

Mean  distances  fraoi  the  Sun^  or  SemMxxes  of  the  Orbits^  the 

Earth^s  mean  distance  being  =  1. 

Mercury 0.987098 

Venus 0.723332 

Tha  Earth 1.000000 

Mars  ......  1.623692 

Ve«U 2.36787 

Judo 2.66901 

Ceres 2.76724 

Pallas 2.77289 

Jupiter 6.202776 

Saturn 9.638786 

Uranus  .        -  19.182390 
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jftalio  of  the  Eccentricity  to  the  Semi^transverse  axis. 


Mercury 

Venus 

The  Earth 

Mara 

Vesta 

Juno 

Ceres 

Pallas 

Jupiter 

Saturn 

Uranus 


00 


Ratio  of  the 

Eccentricity. 
0.206515 
0.006861 
0.016792 
0.093307 

'0.089130 
0.257848 
0.078439 

,0.241648 
0.048162 
0.066160 
0.046611 


Secalar  Variatioo. 

0.00000387 

—0.00006275 

5.0O004369 

0.00009019 


0.00016036 

--0.00031240 

-     —^.00002621 


Mean  Longitudes,  reckoned  from  the  Mean  Equinox. 
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Mem  Longitudes  of  the  Perihelia,  with  the  Sidereal  Secular 

Variations. 


Mercury 

Venus 

The  Earth 

Mars 

Vesta    - 

Juno 

Ceres 

Pallas 

Jupiter 

Saturn 

Uranus 


IncUnatiom  of  the  Orbits  to  the  Ecliptic,  with  the  Secular 
Variations  of  the  Inclinations  to  the  true  Ecliptic. 

Inclination.  Sec.  Var. 

Mercury         -         -           7°     0'      9"    -         -         -  18".l 

Venus       .         -         -       3     23     29           -         -  —  4.6 

The  Earth      -         -          0      0      0---  0 

Mars         -        -        -       1     61       6           .        .  _  0.3 

22 
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8ao.Var. 


Vesta 

. 

[789 

Juno 

-    •  s 

13       4     10 

Ceres 

2  ' 

10     37     26 

Pallas 

. 

.34     34     55 

Jupiter 

1      18     52      - 

-       —22.6 

Saturn 

...       2     29     36 

—  16.5 

Uranus 

. 

0     46     28      . 

3.1 

Longitudes  of  the  Ascending  Nodes^  with  the  Sidereal^  Secular 

Motions. 


Lopg.af^ 

Secliot. 

Mercury 

• 

46^ 

67'    31" 

r 

.  —13'    r 

Venus       - 

• 

74 

64     13 

. 

—31     11 

The  Earth 

• 

0 

0       0 

• 

0       0 

Mars 

• 

48 

0      3 

- 

_38    49 

VesU    - 

• 

rio3 

13     18 

Juno 

-  s 

171 

7     40 

Ceres 

2  ' 

80 

41     24 

Pallas       - 

• 

J72 

39     27 

Jupiter 

• 

98 

26     18 

. 

-    —26     21 

Saturn 

. 

111 

66     37 

« 

—32     22 

Uranus 

• 

72 

59     36 

• 

.    _69     59 

Sidereal  Revolutions  of  the  Satellites,  and  their  Mean  Distances 
from  the  Planets  about  iohich  they  revolve.  The  distances 
are  expressed  in  terms  of  the  Equatorial  Radius  of  the 
Planet. 


JUPITER. 

1st  Satellite 
2d         .  •     . 
3d     -        .        . 
4th       . 

Mean  Ditt 
6.04863       • 
-     9.62347 
•       16.35024       . 
•  26.99836 

BATVRN. 

Sider.  R«Yol. 

1.7691378  Days. 
.     3.6611810 

7.1545628 
.  16.6887697 

1st  Satellite 

2d 

3d     -    .     - 

4th 

5ih 

6th 

74h 

Mean  Ditt 

3.361 

.     4.300      . 

5.284 
.     6.819      . 

9.524 
.  22.081      • 
.       64.359 

Kder.  Revol. 
-    0.94271  Days. 

1.37024 

.     1.88780 

2.73948 

.     4.51749 

.       15.94630 

•  79.32960 
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Mean  Diat  Sider.  Ravol. 

IstSfttdlite        •        -  13.190  •        •        .        6.8926  Days. 

2d         ....  17.022  •        -             8.7068 

3d    -         ...  19.846  .         -         -       10.9611 

4th         .         -        •         •  22.762  -        -           13.4669 

6th             ...  46.607  -         .        «       38.0760 

6th        •        •        •        •  91.008  -         .         107.6944 


CHAPTER  Xm. 

ON  COMETS. 

L  It  has  already  been  said  (1.9)  that  a  Comet  is  a  body 
which  occasionally  appears  in  the  heavoDa,  has  a  motion 
among  the  fixed  stars,  and  only  continues  visible  for  a 
short  period.  The  appearance  of  a  comet  is  usually  that 
of  a  collection  of  vapour,  in  the  centre  of  which  is  a 
Ducleus,  that  is,  in  general,  not  very  distinctly  defined. 

2.  The  motions  of  some  comets  are  direct,  and  of  others 
retrograde.  In  the  same  comet  the  motion  continues 
aearly  in  one  i^ne,  passing  through  the  sun's  centre ;  but 
for  d^erent  comets  the  planes  make  very  different  angles 
with  the  ecliptic*  It  is  found  that  when  a  comet  first  be- 
comes visible,  its  distance  from  the  sun  is  diminishing; 
and  that  when  it  ceases  to  be  visible,  the  distance  is 
increasing. 

3.  When  a  comet  first  appears,  its  nucleus  is  usually 
surrounded  by  a  faintly  luminous  vapour,  to  which  the 
name  of  Coma  has  been  given.  As  the  comet  approaches 
the  sun,  the  coma  becomes  more  bright,  and  frequently 
shoots  out  into  a  long  train  of  luminous  transparent  vapour 
in  a  direction  opposite  to  the  sun.  This  forms  the  Tail 
of  the  comet 

As  the  comet  recedes  from  the  sun,  the  tail  precedes  it, 
being  still  in  a  direction  opposite  to  the  sun,  and.  grows 
less,  till  at  length  the  comet  resumes  nearly  its  first  ap^ 
pearance. 
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4.  The  length  and  form  of  the  tail  are  very  various.  In 
some,  the  length  is  only  a  few  degrees,  and  in  others  it  is 
more  than  a  quadrant.  In  the  great  comet  which  appeared 
in  1680,  the  tail  extended  to  a  distance  of  70'' ;  and  in  that 
of  1618,  to  the  distance  of  104°. 

5.  The  tail  is  not,  however,  by  any  means  an  invariable 
appendage  of  the  smaller  comets,  and  some  of  the  larger 
ones  do  not  exhibit  the  least  appearance  of  a  tail.  The 
smaller  comets  generally  appear  merely  as  round  or  some- 
what oval  masses  of  vapour,  increasing  in  density  towards 
the  centre,  but  frequently  without  any  distinct  nucleus. 
Stars  of  small  magnitude  are  distinctly  visible  through 
what  appears  to  be  the  densest  part  of  their  substance. 

6.  Comets  have  sometimes  been  known  to  pass  near  to 
some  of  the  heavenly  bodies,  and  to  have  had  their  nu> 
tions  considerably  affected  by  the  consequent  attractions; 
but  without  producing  any  sensible  influence  on  the  mo* 
tions  of  those  bodies.  In  one  instance  a  comet  passed 
among  the  satellites  of  Jupiter  and  was  •ihrown  by  the 
attraction  of  the  planet  entirely  out  of  the  orbit  it  had 
been  describing,  and  forced  into  another  of  much  greater 
extent ;  yet  not  the  least  perceptible  derangement  of  the 
motions  of  the  satellites  was  produced.  Hence  it  evidently 
follows  that  the  quantity  cf  matter  forming  the  mass  of  a  comet 
must  be  very  smalL 

7.  A  comet  remains  so  short  a  time  in  sight,  and  de^ 
scribes  so  small  a  part  of  its  course  within  our  view,  that, 
from  observation  alone,  without  the  assistance  of  hypo- 
thesis, it  would  be  impossible  to  determine  the  nature  of 
its  path.  The  hypothesis  most  conformable  to  analogy  is, 
that  the  comet  moves  in  an  ellipse,  having  the  sun  in  one 
of  the  foci,  and  that  the  radius  vector  describes  areas, 
proportional  to  the  times. 

The  ellipse  in  which  a  comet  moves  is  very  eccentric, 
and  consequently  the  part  of  it  in  the  vicinity  of  the  vertex 
or  perihelion,  and  through  which  the  comet  passes  while 
it  continues  visible,  must  coincide  very  nearly  with  a 
parabola. 
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&  The  elemefiits  of  a  comet's  orbit  are,  the  inclinatiott 
of  the  orbit,  the  position  of  the  line  of  the  nodes,  the  Ion- 
gitttde  of  the  perihelion,  the  perihelion  distance  from  the 
son,  and  the  time  when  the  comet  is  in  the  perihelion* 
These  are  less  in  number  than  those  of  the  orbit  of  a 
planet  (12.31),  because  the  observations  that  can  be  made 
daring  one  appearance  of  a  comet  are  not  sufficient  to 
determine  with  any  degree  of  accuracy  the  transverse  axis 
of  the  orbit  and  the  periodic  time. 

9.  Assuming  the  orbit  of  a  comet  to  be  an  ellipse  or 
parabola,  and  that  the  radius  vector  describes  areas  pro* 
portional  to  the  times,  the  elements  may  be  determined 
from  ihree  observed  geocentric  places  of  the  comet.  This, 
though  a  problem  of  considerable  difficulty,  may  be  per- 
formed in  a  great  variety  of  ways ;  almost  every  noted 
astronomer  of  latter  time  having  given  a  method  of  his 
own.  Dr.  Bowditch,  in  an  appendix  to  the  third  volume 
of  his  translation  of  Laplace^s  M^canique  C6lcste,  has 
introduced  several  of  the  best  methods,  and  added  tables 
which  facilitate  the  computation. 

10.  The  orbits  of  several  observed  comets  appear,  from 
calculations  which  have  been  made,  to  be  Hyperbolas  ;  and 
consequently  the  bodies  moving  in  them  must,  after  having 
passed  their  perihelions,  move  on  in  space,  never  to  return. 
But  the  orbits  of  the  larger  number  appear  to  be  elHpses, 
generally  of  great  eccentricity.  The  bodies  moving  in 
them  must  therefore,  unless  thrown  out  of  their  paths  by 
the  actions  of  other  bodies,  return  to  their  perihelions, 
and  thus  perform  revolutions  round  the  sun  in  periods  of 
various  length  depending  on  the  extent  of  the  orbit. 

11.  One  of  the  most  celebrated  comets  is  that  called 
HaUejfs  comet,  in  consequence  of  its  return  to  its  perihe- 
lion in  1759,  having  been  predicted  in  the  early  part  of  the 
century  by  Eklmund  HaUey,  an  eminent  astronomer  of  that 
time.  He  calculated,  from  recorded  observations,  the 
elements  of  a  number  of  comets:  and  on  comparing 
them,  he  found  that  those  of  the  comets  of  1531  and  1607 
very  nearly  agreed  with  those  of  the  comet  of  1682,  which 
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he  had  himself  obsenrdd;  the  interval  being  about  76  and 
75  years.  This  near  agreement  led  him  to  suppose  thai 
instead  of  three  different  comets,  it  might  be  the  sAme 
comet  which  had  appeared  in  these  different  years* 
Making  further  researches,  he  became  satisfied  of  the 
correctness  of  the  supposition  he  had  made,  and  con* 
eluded  that  the  variation  in  period  must  have  been  pro- 
duced by  the  attractions  of  the  other  heavenly  bodies. 
Having,  therefore,  made  a  rough  calculation  of  the  effect 
which  the  attraction  of  Jupiter  would  produce  on  the 
revolution  the  comet  was  then  performing,  he  ventured  to 
predict  its  return  in  the  latter  part  of  1758  or  early  part 
of  1759.  Subsequently,  Clairaut  calculated  the  effects  of 
the  attractions  of  both  Jupiter  and  Saturn,  and  determined 
the  time  of  the  return  to  the  perihelion  to  be  in  the  middle 
of  April,  1759.  It  arrived  there  about  a  month  prior  to 
that  time.  With  more  ample  means  for  correct  compute-* 
tation,  furnished  by  the  observations  during  the  comet's 
appearance  in  1759,  and,  by  the  improvements  in  analysis, 
its  return  last  year,  1835,  was  very  accurately  predicted. 

12.  Besides  Halley's  comet,  there  are  two  others,  which 
are  known  to  have  made  repeated  revolutions  round  the 
sun.  They  are  both  comets  of  short  periods.  The  first 
of  these  is  called  Encke^s  comet,  from  Professor  Encke,  of 
Berlin,  who  first  ascertained  its  periodical  character  in 
1819.  He  found  its  period  to  be  1207  days,  or  nearly  3i 
years,  and  predicted  its  return  in  1822,  which  was  verified 
by  observation.  Its  subsequent  returns  have  been  pre- 
dicted and  observed. 

13.  From  calculations  and  observations,  made  on  the 
successive  returns  of  this  comet,  Professor  Encke  infers 
that  the  length  of  its  period  is  continual^  diminishing.  To 
account  for  this  he  supposes  the  existence  of  very  rare 
ethereal  matter  pervading  space,  the  resistance  of  which, 
producing  no  perceptible  influence  on  the  motions  of  the 
denser  bodies  of  our  system,  becomes  sensible  in  its  efifects 
on  those  of  such  vaporous  masses  as  the  comets.  The 
^ect  of  such  a  resistance  would  evidently  be  to  diminish 
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the  velocity  of  the  body;  and  the  known  consequence  of  a 
diminished  Telocity  would  be  a  diminuticm  in  the  mean 
distance  from  the  sun,  to  an  extent  that  would  render  the 
revolution  shorter,  though  peiformed  with  this  diminished 
velocity.  But  Pontteoulant,  an  able  French  astronomer, 
eiMisiders  the  observations  hitherto  made,  as  being  by  no 
neans  sufficient  to  establish  the  existence  of  a  resisting 
medium. 

14.  The  other  comet  of  short  period  was  identified 
ss  a  periodical  one  in  1825,  by  M.  Biela,  of  Josephstadt, 
and  is  called  Bidd'^  comet  It  is  very  small,  and  without 
the  least  appearance  of  a  nucleus.  It  moves  in  a  mode- 
rately eccentric  ellipse,  performing  its  revolution  in  about 
6i  years.  The  return  in  1832,  calculated  by  Biela,  took 
place  according  to  prediction.  Its  orbit  very  nearly  inters 
sects  that  of  the  earth. 

15.  The  numb^  of  recorded  comets,  visible  to  the 
Baked  eye,  amounts  to  several  hundreds ;  though  many  of 
these,  it  is  probable,  are  only  reappearances  of  the  same 
comet.  The  actual  number  of  comets  is  not  known; 
but  including  those  that  become  visible  by  the  aid  of  a 
telescope,  it  is  believed  to  amount  to  many  thousands. 


CHAPTER  XIV. 

ABERRATION  OF  LIGHT,  AND  NUTATION  OF  THE  EARTH^S  AXIS. 

1.  Dr.  Bradley,  in  the  course  of  some  accurate  observa- 
tions on  the  fixed  stars^  found  that  their  apparent  places 
were  subject  to  small  changes,  amounting  when  greatest 
to  about  40".  He  also  ascertained  that  those  changes 
were  annual,  as  their  magnitudes  were  the  same  at  the 
same  time  in  each  year.  These  observations  were  com* 
menced  in  the  year  1725,  and  continued  for  several 
years. 

After  several  UQsuccessful  attempts  to  explain  the  cause 
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of  these  periodical  changes,  it  occurred  to  him  that  in 
consequence  of  the  progressive  motion  of  light,  and  of  the 
earth^s  motion  in  its  orbit,  the  apparent  place  of  a  star 
ought  generally  to  be  different  from  the  true  place. 

2.  Let  OB,  Fig.  45,  be  a  portion  of  the  earth^s  orbit,  so 
small  that  it  may  be  considered  as  a  right  line,  and  the 
earth^s  motion  in  it,  uniform ;  and  let  ES  be  the  directioa 
of  a  fixed  star,  from  the  point  £.  Also  let  AE  be  the  dis- 
tance through  which  the  earth  moves  in  some  short  por- 
tion of  time,  and  aE  the  distance  through  which  a  particle 
of  light  moves  in  the  same  time.  Then  a  particle  of  light, 
which,  coming  from  the  star  in  the  direction  SE,  is  at  a, 
at  the  same  time  that  the  earth  is  at  A,  will  arrive  at  E, 
at  the  same  time  that  the  earth  does.  Let  AV,  A"a"  and 
ES',  be  each  parallel  to  Aa.  Then  m  is  to  A  A'  and  a'a' 
is  to  A' A"  in  the  ratio  of  Ym  to  EA.  Consequently  when 
the  earth  is  at  A',  the  particle  of  light  is  at  a',  and  when 
the  earth  is  at  A",  the  particle  of  light  is  at  o!'.  The  par- 
ticle of  light,  therefore,  continues  in  the  same  direction 
from  the  earth,  that  is,  in  the  direction  Aa  or  ES'.  Hence 
it  meets  the  earth  at  £,  in  the  direction  S'E.  To  an  eye 
at  E,  the  particle  of  light  entering  it  in  the  direction  S'£, 
appears  to  come  from  a  star  in  the  direction  ES'.  What 
has  been  said  of  a  single  particle,  will  apply  to  all  the 
particles  coming  from  the  star,  and  entering  the  eye. 
Consequently  the  star  appears  to  be  in  the  direction 
ES'. 

3.  The  angle  which  expresses  the  change  produced  in 
the  apparent  place  of  a  body,  by  the  motion  of  light  com- 
bined with  the  motion  of  the  spectator,  is  called  the  Mer- 
ration.    Thus  S'ES  is  the  aberration  of  the  star  S. 

4.  Various  formula  have  been  investigated  for  comput- 
ing the  effect  of  aberration  on  the  longitudes,  latitudes, 
right  ascensions  and  declinations  of  the  heavenly  bodies, 
and  particularly  of  the  fixed  stars.  Of  those  that  apply 
to  the  fixed  stars,  the  following  are  some  of  the  most 
simple. 

5.  Let  L  be  the  longitude  of  the  sun  at  the  time  for 
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wbkA  the  aberrktion  is  required,  and  L"  and  a,  the  longi- 
tude and  latitude  of  the  dtar.    Then, 

-.       .     r  — 20"263co8(L  — L') 

Aoer*  -tn  Long.  »  — ^ ^. 

cos  A 

Aher,  in  Lai.  ^  20''  »253  sin  (L'  —  L)  sin  x. 

6.  Let  A  be  the  right  ascension  and.D  the  declination 
of  the  star,  L  being  the  sun^s  longitude  as  before.    Then, 

•  eo0.  D. 

Aler.  in  Decl  ^sin  D  [I^'AIQ  md  (A  — L)— 0^'.8S7  sia  (A  +  L)~ 
8".066cosLco8D]. 

7.  hi  consequence  of  the  aberration,  each  star  appears 
te  describe  an  ellipse  in  the  heavens,  of  which  the  true 
place  is  the  centre ;  the  semi-transverse  axis  is  20".253 
and  the  semi-conjugate  is  20^.253  sin  x. 

8«  The  supposition  of  the  earth's  annual  motion  serves 
ihlly  to  explain  the  phenomena  of  the  aberration.  On  the 
contrary,  the  amounts  of  the  aberrations  for  different  stars, 
and  at  different  times,  computed  on  that  supposition,  are 
found  exactly  to  agree  with  observation.  These  drcwm^ 
Hmcesform  a  sufficient  proof  of  the  reality  of  the  eartKs  annual 
motion. 

9*  The  aberration  of  the  sun,  which  has  place  only  in 
longitude,  is  —  20^2^53.  Thus  the  sun's  apparent  place  is 
always  about  20^25,  behind  its  true  place.  Solar  tables 
give  the  apparent  place  of  the  sun,  as  affected  by  aberra- 
tion, and  it  is  this  which  is  generally  wanted. 

10.  For  a  planet,  the  aberration  is  different  from  what 
it  is  for  a  fixed  star,  because  the  planet  changes  its  place 
during  the  time  that  light  is  passing  from  it  to  the  earth. 
The  aberration  is  therefore  increased  or  diminished  by  the 
geocentric  motion  of  the  planet  during  this  time. 

For  the  moon,  the  aberration  is  always  very  small,  only 
amounting  to  a  fraction  of  a  second. 

11.  Besides  the  aberration  produced  by  the  annual 
23 
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motion  of  the  earth,  there  is  another,  called  the  Diurnal 
aberration,  which  is  produced  by  the  earth's  moticm  on 
its  axis.  This  is  however  so  small  as  to  be  nearly  insen- 
sible. 

NUTATION. 

12*  Small  inequalities,  which  have  been  observed  in  the 
precession  of  the  equinoxes,  and  in  the  mean  obliquity  of 
the  ecliptic,  are  called  JVutcUions.  These  inequalities  were 
discovered  by  Dr.  Bradley,  while  employed  in  verifying  his 
theory  of  the  aberration. 

13.  The  period  of  the  changes  of  these  inequalities  was 
observed  to  be  about  the  same  as  the  period  of  the  revo- 
lution of  the  moon's  nodes ;  and  it  was  found  that  the 
quantities  of  the  inequalities  depended  on  the  place  of  the 
node. 

14.  The  phenomena  of  the  nutation  may  be  represented 
by  supposing,  that  while  a  point,  which  may  be  considered 
as  defining  the  mean  place  of  the  pole  of  the  equator, 
describes  a  circle  in  the  heavens,  round  the  pole  of  the 
ecliptic,  at  a  distance  from  it,  equal  to  the  mean  obliquity 
of  the  ecliptic,  and  with  a  retrograde  motion  of  50M  an- 
nually, another  point  representing  the  true  pole  of  the 
equator,  moves  round  the  former  at  the  distance  of  9",  so 
as  to  be  always  90""  more  easterly  than  the  moon's  ascend- 
ing node.  The  inequalities  thus  produced  in  the  precession 
of  the  equinoxes,  and  in  the  obliquity  of  the  ecliptic,  will 
very  nearly  agree  with  the  observed  inequalities*  The 
agreement  becomes  more  exact,  if,  instead  of  supposing 
the  true  pole  to  describe  a  circle  about  its  mean  place, 
it  be  supposed  to  describe  an  ellipse,  having  its  semi- 
transverse  axis  equal  9".6  and  its  semi-conjugate  7".5. 

15.  If  N  be  the  longitude  of  the  moon's  ascending  node, 
the  variation  in  the  obliquity  of  the  ecliptic,  produced  by  the 
nutation  is  +  9"  .6  cos  N ;  the  inequality  in  the  motion  of 
the  equinoxes  in  longitude,  sometimes  called  the  Equation 
of  the  Equinoxes  in  Longitude^  is  I7".946  sin  N;  and  the 
inequality  in  their  motion  in  right  ascension,  called  the 
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Elqu€tlion  of  <&e  Equinoxes  in  Right  Ascension^  k  — 16^462 
sinN. 

16.  The  eqaation  of  the  equinoxes  in  longitude  equally 
affects  the  longitudes  of  all  the  stars.  The  equation  of 
the  equinoxes  in  right  ascension  also  affects  the  right 
ascensions  of  all  the  stars,  but  it  only  forms  a  part  of  the 
BOtation  in  right  ascension. 

17.  If  A  be  the  right  ascensicMi  of  a  star,  and  D  its  de- 
clination, then, 

Nvtgtkn  in  Rigid  Aseen,  «> 

— 16''.462  sin  N  —  8".373  cos  (A  —  N)  tan  D 
— 1",227  cos  (A  +  N)  tan  D. 
NutaOon  in  Decl. « 

+  8".373  sin  (A— N)  +  r'.227  sin  (A  — N). 

18.  In  catalogues  of  the  fixed  stars,  the  mean  places 
and  annual  variations  are  given.  By  the  preceding  for- 
mula the  aberrations  and  nutations  may  be  calculated ; 
and  thence  the  true  apparent  places  may  be  found. 

19.  The  exact  apparent  positions  of  the  fixed  stars  are 
so  continually  wanted  by  the  practical  astronomer  in  ad- 
justing and  examining  the  adjustments  of  his  instruments, 
and  as  points  of  reference,  that  much  attention  has  been 
devoted  to  the  obtaining  concise  and  accurate  methods  of 
deducing  these  from  the  mean  places  given  in  the  cata- 
logues. In  the  catalogue  of  2881  principal  fixed  stars, 
published  a  few  years  since  under  the  direction  of  the 
Astronomical  Society  of  London,  besides  the  mean  places 
and  annual  precessions,  there  are  given  certain  constant 
logarithms  for  each  star,  by  means  of  which,  with  other 
logarithms  depending  on  the  longitudes  of  the  sun,  moon, 
and  moon^s  node,  given  in  the  Nautical  Almanac  for  eadh. 
day  in  the  year,  the  true  apparent  place  of  any  of  these 
stars  may  be  found  with  great  facility. 

Professor  Bessel,  in  his  Tabuke  RegiomoniantB^  has  given 
general  formula  and  tables  for  reducing  the  mean  places 
of  the  stars  to  apparent  places.  He  has  also  given  with 
great  precision  the  mean  and  apparent  places  of  36  prin- 
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cipal  fixed  stam,  regarded  BA/mehoMnkd  stars,  for  a  pwiod 
of  100  years,  commcDcing  in  1750  and  ending  in  1850. 

The  Nautical  Almanac  costaios  a  table  of  the  values 
for  every  fifth  day  in  the  year,  of  certain  quantities  coin- 
puied  from  BesaePs  formul®  of  reductioa,  which  facilitate 
the  computation  of  the  apparent  places  of  stars  not  given 
in  the  Astronomical  Society's  Catalogue.  The  apparent 
places  of  100  principal  fixed  stars,  are  likewise  given;  two 
of  them,  «  and  h  Ursas  Minoris,  for  each  day,  and  the 
others  for  every  tenth  day- 

20.  Some  of  the  bodies  termed  fixed  stars  have  been 
ascertained  to  have  slow  motions,  called  their  proper  mo- 
/f  ohj,  in  consequence  of  which,  their  positions  with  regard 
to  the  other  stars  become  actually  changed.  The  proper 
motions  of  several  have  been  determined,  and  are  noticed 
in  the  best  catalogues. 


CHAPTER  XV. 

CLASSIFICATION  OP  THE   FIXED   STARS. ANNUAL   PARALLAX. 

VARIABLE  STARS. DOUBLE  STARS. VZBVhM. 

1.  The  classification  of  the  stars  according  to  their 
aj>parent  magnitudes  has  already  been  noticed  (6.23).  It 
may  be  added  that  the  magnitudes  of  stars  which  seem  to 
be  intermediate  in  brightness  between  those  <^two  classes, 
so  as  to  render  it  doubtfiil  in  which  they  would  be  more 
properly  placed,  are  usually  denoted  by  two  numb^s  with 
a  point  between  them.  Thus,  the  expression  1.2  denotes 
a  star  intermediate  between  those  of  the  first  and  second 
magnitudes. 

2.  In  the  catalogue  published  by  the  Astronomical 
Society  (14.20),  which  contains  all  the  stars  to  the  fifth 
magnitude  inclusive,  and  many  of  the  sixth  and  seventh 
magnitudes,  there  are  18  stars  designated  as  being  of  the 

first  magnitude^  29  of  the  sec(mdy  and  over  100  of  the  ibird. 
There  are  also  3  stars,  marked  as  intermediate  between 
the  first  and  second  magnitudeE^,  and  29  between  the 
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fleemid  and  ibiri.    Tli*  nattiberB  in  the  other  ttegMtudes 
increase  rapidly  as  we  descend  in  the  scale  of  brighteeas. 

3.  With  regard  to  the  relative  light  afforded  by  stars  of 
the  dififiereat  foagoitudes,  it  i»  considered  that,  taking  a 
rtar  ^  the  mediufli  brightness  in  each  magnitude^  we  do 
not  greatly  err  in  regarding  the  light  of  one  of  the  second 
magnitade  as  being  half  that  of  one  of  the  first,  the  light 
of  one  of  the  third  as  half  that  of  one  of  the  second,  aad 
thos  €D  through  the  di&rent  classes. 

ANNUAI4  PARALLAX, 

4.  The  Annual  ParaOax  <^  a  fixed  star  is  the  angle  con* 
tained  between  two  straigJit  lines,  conceived  to  be  drawn 
fion  the  star,  one  to  the  sun  and  the  other  to  the  earth, 
when  the  earth  is  in  suoh  a  part  of  its  orbit  that  its  radios 
vector  is  perpendicular  to  the  latter  line;  or,  in  other 
words,  it  is  the  greateirt  angle  at  the  star  that  can  be  sub- 
tended by  the  semi-diameter  of  the  earth's  orbit. 

5.  If  the  annual  parallax  of  a  star  was  known,  we  might, 
by  using  it  and  the  semi-diameter  of  the  earth's  orbit, 
instead  of  the  sun's  parallax  and  the  radius  of  the  earth, 
ftid  the  star's  distance  in  the  same  manner  that  the  sun's 
distance  was  found  (5.16).  The  attention,  therefore,  of 
astronom^v  fornished  with  the  most  perfect  instruments^ 
has  been  perseveringly  directed  to  observations  on  some 
of  those  stars  which  from  their  splendour  may  be  regarded 
as  the  nearest,  in  order  to  determine  their  annual  parallax. 
Bitt,  though  those  observations  have  been  made  with  the 
tttmost  care,  and  when  the  earth  was  in  the  most  favour- 
able positions,  they  have  not  been  able  to  unite  in  assign- 
ing asmeasurable  parallax  to  any  of  them.  Now  the  ae- 
caraey  to  which  astronomical  observations  with  the  best 
instruments  is  at  present  brought,  is  such,  that  if  the 
parallax  amounted  to  a  single  second,  it  would  have  been 
determined.  We  must  therefore  conclude  that  l4e  armuai 
paraUax  ^fthe  marest  fixed  Har  is  less  than  one  second. 

6.  On  the  supposition  that  the  annual  parallax  of  a  star 
was  1%  the  detance  of  the  star  would  be  206265  times 
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the  distance  of  the  sun  from  the  earth.  This  is  a  distance 
so  immense,  that  light,  which  moves  with  the  amazing 
velocity  of  192,000  miles  per  second  (12.68),  would  require 
more  than  three  years  to  come  from  the  star  to  the  earths 
Yet  inconceivably  great  as  it  is,  the  distance  of  the  nearest 
fixed  star  must  be  still  greater. 

7.  The  light  from  the  same  body,  at  different  distances, 
varies  inversely  as  the  square  of  the  distance.  Hence, 
assuming  the  light  of  a  star  of  each  magnitude  to  bo  half 
that  of  one  of  the  next  greater  magnitude  (3),  it  is  easy  to 
ascertain  that  a  star  of  the  first  magnitude  would  have  to 
be  placed  at  181  times  its  distance,  to  appear  as  one  of 
the  sixteenth  magnitude.  We  may  therefore  conclude, 
that  among  the  innumerable  stars  of  the  latter  magnitude 
there  must  be  many,  the  light  of  which,  though  moving 
with  a  velocity  that  would  suffice  to  make  the  circuit  of 
our  globe  nearly  8  times  in  a  second,  has  required  more 
than  500,  probably  more  than  1000  years,  to  traverse  the 
space  by  which  they  are  separated  from  the  earth. 

VARIABLE  STARS. 

8.  One  of  the  most  remarkable  of  the  variable  stars 
(6.30)  is  the  star  Ondcron  in  the  constellation  Ceius. 
When  brightest,  it  sometimes  appears  as  a  large  star  of 
the  second  magnitude,  and  it  preserves  this  appearance 
about  two  weeks.  It  then  decreases  during  about  three 
months,  till  it  becomes  entirely  invisible ;  and  remaining 
thus  about  five  months,  it  again  becomes  visible  and  gra- 
dually increases  till  it  acquires  its  greatest  brightness. 
The  period  of  these  changes  is  334  days.  The  star  does 
not,  however,  always  acquire  the  same  degree  of  bright- 
ness, nor  increase  and  diminish  by  the  same  gradations. 
And  it  is  represented  as  having  in  one  instance  continued 
invisible  for  a  period  of  four  years,  commencing  in  1672 
and  ending  in  1676. 

9.  Another  remarka^^le  variable  star  is  that  called  Jilgol^ 
or  $  Persei.  It  usually  appears  as  a  star  of  the  second 
magnitude,  and  continues  as  such  for  a  period  of  2  d.  14  h., 
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when  it  saddenly  begins  to  diminieh  in  splendour,  and  in 
about  3i  hours  is  reduced  to  the  fourth  magnitude.  It 
then  begins  to  increase,  and  in  about  3i  hours  more 
regains  its  usual  brightness;  going  through  all  its  changes 
in  2  d.  20  h.  48  m. 

There  are  several  other  stars  which  undergo  periodical 
(Ganges  in  their  brightness,  but  they  are  less  conspicuous 
than  the  two  which  have  been  noticed. 

10.  There  are  also  some  instances  recorded  of  stars 
suddenly  appearing  in  great  splendour,  retaining  their 
positions  unchanged  among  the  other  stars,  and.  after  a 
time  entirely  disappearing.  One  of  the  most  noted  of 
these,  is  the  star  which  broke  forth  with  great  brilUancy 
<Mi  the  11th  November,  1572,  in  the  constellation  Cassio-^ 
feia^  and  was  attentively  observed  by  Tycho  Brahe,  a 
celebrated  Danish  astronomer.  It  was  then  as  bright 
as  Sirius,  the  brightest  of  the  permanent  stars,  and  it 
increased  till  its  splendour  was  such  as  to  render  it  visible 
at  mid-day.  It  began  to  diminish  in  December  of  the 
same  year,  and  in  March  1574,  it  entirely  disappeared. 

Ill  the  years  945  and  1261,  a  brilliant  star  appeared  in 
the  same  rcgidn  of  the  heavens,  in  which  that  of  1 572  was 
seen.  The  accounts  of  the  situation  or  situations  are 
very  imperfect;  but  from  the  tolerably  near  agreement  in 
die  intervals  of  time,  some  have  supposed  that  it  must 
imve  been  the  same  star  that  appeared  at  each  of  those 
times,  and  consequently  that  it  has  a  period  of  a  little  over 
300  years. 

DOUBLE  STARS. 

11.  From  the  time  Qf  the  invention  of  the  telescope, 
double  stars  (6.28)  had  been  occasionally  observed  by 
astronomers,  but  they  were  not  much  noticed  till  Dr.  Hor- 
schel  directed  attention  to  them  by  the  publication,  in  1782 
and  1785,  in  the  Philosophical  Transactions,  of  catalogues 
of  a  large  number  which  he  had  observed.  He  arranged 
them  in  classes  according  to  their  apparent  proximity; 
placing  in  the  first  class  those  whose  closeness  was  such 
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that  they  could  only  be  separated  hy  the  most  povreHbl 
telescopes,  and  whose  distance  from  each  other  did  not 
exceed  1"  or  2";  in  the  second  dass,  those  that  were  less 
difficult  to  separate,  but  yet  required  a  very  superior  instm** 
ment,  the  distance  between  the  stars  not  exceeding  5",  in 
the  third  class  those  whose  distance  was  from  b"  to  15'', 
and  in  the  fourth,  fifth,  and  sixth  classes,  those  whose  dis- 
tances were  from  15"  to  30",  from  30"  to  1',  ^nd  from  1'  to 
2',  or  more.  A  good  3i  feet  achromatic  telescope  is  suffi- 
cient to  separate  most  of  the  stars  in  the  tliird  and  lower 
classes* 

12.  Dr.  Herschel,  continuing  his  obserrations,  found 
that  regular  though  slow  progressive  changes  were  taking 
place  in  a  number  of  the  double  stars,  with  regard  to  dis^ 
tance,  or  position  from  each  other,  or  both.  In  the  course 
of  about  twenty-five  years  fi'om  the  commencement  of  his' 
observations  he  satisfactorily  ascertained  that  the  changes^ 
in  several  of  them  at  least,  were  exactly  such  as  would  be 
produced  by  the  revolution  of  one  of  the  stars  around  the 
other,  or  of  both  around  their  common  centre  of  gravity. 
And  in  two  papers,  published  in  the  Philosophical  Trans- 
actions, he  announced  the  existence  of  sidereal  systems, 
composed  of  two  stars,  revolving  about  each  other  in 
regular  orbits.  These  stars  have  received  the  appelki« 
tion  of  hinary  siars^  to  distinguish  them  from  other  double 
stars,  whose  apparent  proximity  may  probably  proceed 
merely  from  the  one  being  situated  beyond  the  other,  as 
seen  from  the  earth,  without  their  having  any  physical 
connection. 

13.  From  the  changes  which  have  taken  place  in  their 
proximity,  several  of  the  double  stars  belong  now  to  difibr- 
ent  classes  from  those  in  which  they  were  placed  by  Dr. 
Herschel.  Some  of  them,  which,  when  his  catalogues 
were  formed,  were  extremely  difficult  to  separate,  may 
now  be  separated  with  a  telescope  of  moderate  power ; 
and  others,  which  were  then  easily  separated,  now  require 
the  most  powerful  instruments. 

14.  Within  a  few  years  past,  the  subject  of  double  stars 
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has  claimed  great  attention,  and  they  have  been  exten- 
sively observed,  particularly  by  J.  South,  Professor  Struve, 
and  J.  F.  W.  Herschel.  The  last  named  observer  has  care- 
ftilly  examined  those  contained  in  the  two  catalogues  pub- 
lished by  his  father,  and  both  he  and  Professor  Struve 
have  added  largely  to  the  list 

The  determination  of  the  angle  of  position  of  double 
stars  has  been  greatly  facilitated  of  latter  time  by  the  use 
of  a  micrometer  of  a  particular  construction,  called  the 
position  micrometer. 

15.  The  observations  on  several  of  the  binary  stars 
have  been  sufficient  to  enable  astronomers  to  determine 
the  form  of  their  orbits,  and,  at  least  approximately,  the 
tengths  of  their  periods.  The  orbits  are  elliptical  The 
periods  are  very  various ;  some  extending  to  several  cen- 
turies and  others  only  to  a  few  years.  The  following  are 
the  periods  of  some  that  are  considered  as  the  best  ascer- 
tained:  yLeonis^  1200  years;  yVirginis^  629  years;  61 
Cygni^  452  years ;  9  Coronce^  287  years ;  Castor,  253  years ; 
70  Ophiuca,  80  years ;  |  Vrsce^  58  years ;  f  Cancri^  55  years ; 
and  ff  Coronas^  43  years. 

CLUSTERS  OF  STARS  AND  NEBTJLiB. 

16.  In  the  beautiful  cluster  of  stars  called  the  Pleiades^ 
six  or  seven  stars  are  readily  discerned  by  the  naked  eye ; 
but  a  telescope,  even  of  moderate  power,  exhibits  within 
the  space  they  occupy  fifty  or  sixty  conspicuous  stars. 
The  constellation  called  Coma  Berenices^  is  another  group, 
more  diffused,  and  composed  of  larger  stars. 

17.  In  the  constellation  Cancer,  there  is  a  luminous  spot 
or  nebula  (6.31),  called  Praesipe,  or  the  bee-hive,  which 
a  telescope  of  moderate  power  resolves  entirely  into  stars. 
In  Perseus  is  another  spot,  crowded  with  stars,  which  be- 
come separately  visible  with  a  good  telescope.  There 
are  numerous  other  luminous  spots  or  nebulse  distributed 
over  the  heavens,  many  of  them  not  visible  without  the 
aid  of  a  telescope,  which  when  examined  with  instruments 
of  the  greatest  power,  are  resolved  into  clusters  of  stars. 

24 
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18.  Of  nebulae  which  are  not  resolvable  into  clusters  of 
stars,  or  which  have  not  been  thus  resolved,  one  of  the 
most  prominent  is  that  near  the  star  v  in  Andromeda*  It 
is  visible  to  the  naked  eye,  and  has  often  been  mistaken 
for  a  comet. 


CHAPTER  XVI. 


NAUTICAL    ASTRONOMY. 


1.  Some  of  the  most  useful  practical  applications  of 
astronomy  are  those  which  serve  to  make  known  to  the 
navigator  his  latitude  and  longitude,  when  at  sea.    The 
continual  agitation  in  the  motion  of  a  ship  docs  not  per- 
mit the  use  of  instruments  which  are  adjusted  by  a  plumb 
line  or  spirit  level.     The  astronomical  instruments  used  at 
sea,  are  the  Hadley^s  Quadrant,  the  Sextant,  and  Circle  of 
Reflection,  which  are  independent  of  such  adjustments. 
The  quadrant  is  used  for  observing  the  altitude  of  the  sun 
or  other  heavenly  bodies,  and  the  sextant  or  circle  of 
reflection  for  measuring  the  angular  distance  of  the  mooa 
from  the  sun  or  a  star. 

2.  The  Mile  used  in  measuring  distances  at  sea,  is  the 
60th  part  of  a  degree.  So  that  a  mile  just  corresponds  to 
a  minute. 

3.  The  course  on  which  a  ship  sails  is  determined  by 
an  instrument  called  a  Mariner^ s  Compass ;  and  the  rate  at 
which  she  sails,  by  an  instrument  called  a  Log.  The 
latter  is  a  piece  of  board  in  the  form  of  a  sector  of  a  cir- 
cle, the  circular  part  of  which  is  loaded  with  lead,  so  that 
when  in  the  water  it  may  keep  a  vertical  position.  To 
the  log  is  attached  a  line  of  considerable  length,  divided 
into  spaces  called  Knots,  and  wrapped  round  a  light  reel. 
The  length  of  a  knot  is  such,  that  when  the  log  is  thrown, 
into  the  sea,  and  the  line  allowed  to  run  freely  off  the  reel, 
the  number  of  knots  which  pass  off  in  a  half  minute^  indi- 
cates the  number  of  miles  the  ship  is  then  sailing  in  an  hour. 
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4.  That  portion  of  the  surface  of  the  ocean,  which  a  ship 
traverses  during  a  few  hours,  or  even  during  a  day,  does 
not  differ  much  from  a  plane.  Supposing  it  to  be  a  plane, 
and  also  that  the  meridians  are  parallel  to  one  another, 
let  AB,  Fig.  46.  be  the  track  of  the  ship,  NS  and  N'S', 
meridians  passing  through  A  and  B,  and  AC  and  BD 
parallels  of  latitude.     Then  in  the  triangle  DAB,  we  have, 

AD  =  AB  COB  DAB, 
Or,  Diflf.  of  Lat.  a  Diet,  x  cos.  Course. 

It  is  proved  by  writers  on  the  theory  of  navigation,  that 
this  expression  for  the  difference  of  latitude  is  rigidly  true, 
even  when  the  earth  is  considered  as  a  sphere  or  spheroid. 
But  in  consequence  of  currents  and  other  causes,  the  dis- 
tance and  course  can  never  be  obtained  with  great  accu- 
racy, and  consequently  the  difference  of  latitude  thus  found, 
must  be  considered  only  as  an  approximation. 

5.  The  triangle  ADB,  also  gives, 

BD  =  Dist.  X  sin.  Course. 

As  the  meridians  are  not  parallel,  but  really  converge 
towards  the  poles,  each  way  from  the  equator,  it  is  evident 
that  BD  is  greater  than  the  distance  between  the  meri- 
dians on  one  of  the  parallels  of  latitude  and  less  than  that 
on  the  other,  except  when  A  and  B  are  on  opposite  gides 
of  the  equator  and  equally  distant  from  it.  It  is  in  gene- 
ral nearly  equal  to  the  distance  between  the  meridians  on 
a  parallel  of  latitude,  midway  between  the  parallels  pass- 
ing through  A  and  B.  The  latitude  of  this  parallel  is 
called  the  Middle  Latitude,  and  is  equal  to  half  the  sum  or 
half  the  difference  of  the  latitudes  of  A  and  B,  according 
as  they  are  on  the  same,  or  on  opposite  sides  of  the 
equator. 

6.  If  AB,  Fig,  36,  be  considered  as  a  part  of  the  equa- 
tor, P  its  pole,  ED  a  parallel  of  latitude,  and  PDA,  PEB 
meridians,  passing  through  any  two  places,  then  (11.84) 
AB,  the  difference  of  longitude  of  the  places  is  equal  to 
ED  divided  by  the  cosine  of  BE.     Hence  (5),  Fig.  46. 
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•^  COS  Mid.  Lat.  cos  Mid.  Lat. 

7.  The  computed  differences  of  longitude  and  latitude, 
applied  to  the  longitude  and  latitude  of  the  place  A,  give 
nearly  those  of  the  place  6,  when  the  distance  between 
the  places  is  not  great*  The  longitude  and  latitude  thus 
found  are  called  the  longitude  and  latitude  by  Dead  Rech^ 
oning. 

8.  As  the  longitude  and  latitude  found  in  the  preceding 
manner  cannot  be  depended  on,  except  for  a  short  time, 
it  is  necessary  that  the  navigator  should  be  able  to  deter- 
mine them  by  observation.  When  the  weather  is  favour- 
able the  latitude  is  determined  each  day  at  noon,  by 
observation  of  the  sun's  altitude  about  that  time.  Several 
altitudes  being  observed,  it  is  easy  to  infer  the  greatest 
altitude  that  the  sun  acquires,  which  is  the  meridian  alti- 
tude. But  this  altitude  is  the  apparent  altitude  of  the 
under  or  upper  limb,  usually  the  former,  and  must  be  cor- 
rected for  refraction,  parallax  and  semi-diameter.  It  also 
requires  another  correction.  The  observation  gives  the 
altitude  above  the  visible  horizon ;  and  consequently,  as 
the  observer  is  on  the  deck  of  the  vessel,  several  feet 
above  the  surface  of  the  water,  it  is  too  great.  A  small 
table  accompanies  every  treatise  on  navigation,  contain- 
ing a  correction,  depending  on  the  height  of  the  eye,  which 
is  to  be  subtracted  from  the  observed  altitude.  This  cor- 
rection is  called  the  Dip  of  the  Horizon. 

From  the  correct  meridian  altitude  of  the  sun,  and  the 
sun's  declination,  given  by  the  Nautical  Almanac,  the 
altitude  of  the  point  of  the  equator,  that  is  on  the  meri- 
dian is  determined ;  and  thence  (4.2),  the  latitude. 

9.  Sometimes  the  sun  is  hid  by  clouds,  so  as  to  prevent 
the  observation  of  the  meridian  altitude,  and  yet  it  is  visi- 
ble at  other  times  in  the  day.  In  such  cases  the  latitude 
may  be  found  from  two  observed  altitudes  with  the  inter- 
val of  time  between  them.  The  interval  ought  if  possible 
to  be  two  or  three  hours ;  and  one  of  the  altitudes  should 
be  as  near  to  Boon  as  circumstances  will  admit. 
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10.  When  tlie  altitudes  are  taken  at  di£ferent  places,  as 
is  generally  the  case  at  sea,  the  less  one  should  be  reduced 
to  what  it  would  have  been,  if  it  had  been  taken  at  the 
same  instant,  at  the  place  where  the  other  is  taken. 

This  may  be  done  with  sufficient  accuracy  in  a  very  simple  manner. 
Let  A,  Fign  41  f  be  the  place  where  the  less  latitude  is  taken,  B,  that  where 
the  greater  is  taken,  and  AS  the  line  in  which  the  horizon  is  intersected 
by  a  Tertical  circle  passing  through  A  and  the  sun,  at  the  time  of  obserf- 
iDg  the  less  altitude.  From  the  bearing  of  the  sun  at  that  time,  and  the 
coiifae  the  ship  is  sailing,  the  angle  BAS  is  known.  On  AS  let  fall  the 
perpendicular  BD.  Then  it  is  evident  that  the  altitudes  of  the  sun,  at  B 
and  D,  at  the  same  time,  are  the  same.  But  the  altitude  at  D  is  greatw 
than  the  altitude  at  the  same  time  at  A,  by  the  number  of  minutes  con* 
tained  in  AD.  Consequently  AD  is  the  correction  of  the  less  altitude* 
Hence  the 

CarrecHcn  ■-  AD  »  AB  cos  BAS. 

When  the  angle  BAS  is  greater  than  90^,  the  coaine  is  negatife»  and 
the  correction  must  be  subtracted  from  the  altitude. 

1 1.  Oiam  two  atUhtdet  of  the  wn^  with  ffte  interval  if  time  between  the 
eheenatume^  to  find  the  latitude  of  the  place. 

Let  Z,  Fig.  48»  be  the  zenith  of  the  place  at  which  the  greater  altitude 
is  taken,  P  the  pole,  S  the  place  of  the  sun  at  the  time  of  the  less  altitude, 
and  S'  its  place  at  the  time  of  the  greater.  As  the  sun's  declination  changes 
but  little  in  the  course  of  a  few  hours,  PS  and  PS'  may  be  each  considered 
u  equal  to  the  sun's  polar  distance  at  the  middle  of  the  time  between  the 
observatioDS ;  and  consequently  the  triangle  PSS'  may  be  regarded  as 
isosceles.    If  PO  be  perpendicular  to  SS',  it  will  bisect  it  in  6.    Put, 

H  «»  ES  —  die  less  altitude  reduced, 

H' »  FS'  ■-  the  greater  altitude, 

D  =  PS  a-  90"^  db  sun's  declination, 

A  «  SPS'  =  interval  of  time  expressed  in  degrees, 

L  as  HP  tt  latitude,  where  the  greater  altitude  is  taken, 

U  -  PSZ,  V  =  ZSS',  W  »  PSS',  and  X  »  SB'. 

Then  from  the  right  angled  triangle  PSO,  we  have, 

sin  i  X  as  sin  i  A  sin  D,  and  cot  W  as  cos  D  tan  i  A. 

From  the  triangle  ZSS',  by  an  inrestigation  exactly  similar  to  that  in 
ariiele  20th,  chap.  9th,  we  have, 

BoiV-^ — 5 ^ '-^ ^ ? ^ 


eo8  H  sin  X 
Then  U  •  W  ^F  V 
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The  upper  sign  has  placei  when  the  sun  passes  the  meridian  on  the 
opposite  side  of  the  zenith  from  the  elevated  pole,  and  the  under,  when  it 
passes  on  the  same  side. 

Now  from  the  triangle  PSZ, 

cos  ZP  ^  cos  PS  cos  ZS  +  cos  PSZ  sin  PS  sin  ZS, 
Or,  sin  L  =  cos  D  sin  H  +  cos  U  sin  D  cos  H 

=1  cos  D  sin  H  4-  (2  cos«  i  U—  1)  sin  D  cos  II  (App.  9), 
=a  2  cos"  i  U  sin  I)  cos  H  —  (sin  D  cos  H  —  cos  D  sin  H), 
=  2  cos*  i  U  sin  D  cos  H  —  sin  (D  —  H). 
But, 
•ill  L=«  — 008(90°  +  L)«  1  — 2cos»i(90  +  L)  (App.  9) 

and»8in  (D  — H)  =coa  [90°  — (D  -H)]  «  2co8»  i  [90°  — (D  — H)] 
—  U 

By  substituting  these  values  we  have, 
cos*  i  (90°  +  L)  «  cos*  i  [90°  —  (D  —  H)]  —  cos*  i  U  sin  D  cos  H 

,    r^    n  ^^  r,x-.       /  COS*   J   U   SiP  D  COS   H       \ 

=  COS.  i  [900-(D-.H)].  (l  -^^taoo-CD-H)]} 

mc   1         •      %jr  COS  i  U  v'^  si"  t)  COS  H 

Make  sm  M  = ;  r.  .xo rr: rivi 

cos  i  [1^0°  —  (D  —  H)] 

Then  cos*  i  (90°  +  L)  «  cos*  J  [90  —  (D  —  H)].  (1  —  sin*  M)  =  coa« 

^[90o_(D  — H)]  cos*M. 

Or,  cos  i  (90°  +  L)  =  cos  i  [90°  —  (D—  H)]  cos.  M. 

12.  When  the  latitude  is  determined,  the  time  may  be 
obtained  by  an  observation  of  the  sun^s  altitude,  a  few 
hours  from  noon  (9.20).  Supposing  the  watch  or  chro- 
nometer, used  on  board  the  vessel  to  have  been  well  regu- 
lated and  set,  previously  to  leaving  port,  and  that  it  keeps 
time  accurately,  the  difference  between  the  time  obtained 
from  observation,  and  that  shown  by  the  watch,  gives  the 
difference  of  longitude,  in  time.  But  the  best  time-keeper 
cannot  be  entirely  depended  on,  and  therefore  the  longi- 
tude, thus  obtained,  is  liable  to  uncertainty. 

13.  If  the  true  angular  distance  between  the  centres  of 
the  moon  and  sun,  or  between  the  centre  of  the  moon  and 
some  star  near  the  ecliptic,  be  obtained  from  calculations 
founded  on  the  observed  angular  distance ;  and  the  time 
when  they  are  at  that  distance  be  determined  by  calcula- 
tion for  the  meridian  of  Greenwich  ;  then  the  difference 
between  the  calculated  time,  and  the  time  of  observation 
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as  reckoned  at  the  meridian  of  the  ship,  will  give  the  lon- 
gitude from  Greenwich. 

14.  The  Nautical  Almanac  contains  the  distances  of 
the  moon  from  the  sun,  and  from  several  stars  that  are 
best  adapted  to  the  purpose.  The  distances  are  given  to 
every  third  hour.  It  is,  therefore,  easy  to  determine  by 
proportion  the  time  when  either  distance  is  of  a  given 
magnitude. 

15.  The  observed  distance  must  be  corrected  for  the 
semi-diameter  of  the  moon  when  the  observation  is  of  the 
moon  and  a  star,  and  for  the  semi-diameters  of  the  sun 
and  moon,  when  it  is  of  those  bodies,  so  as  to  give  the 
apparent .  distance  of  the  centres.  To  obtain  the  true  dis- 
tance, the  apparent  distance  must  be  corrected  for  the 
effects  of  refraction  and  parallax.  This  requires  that  the 
altitudes  of  the  bodies  should  be  known. 

16.  The  altitudes  may  be  taken  by  two  assistant  ob- 
servers, at  the  same  time  that  the  principal  one  observes 
the  angular  distance.  If  there  is  but  one  observer,  he  can 
first  take  several  altitudes  of  the  bodies;  then  several  dis- 
tances ;  and  afterwards  several  more  altitudes,  noting  the 
times  of  all  the  observations.  Thence  it  is  easy  to  infer, 
with  sufficient  accuracy,  the  altitudes  corresponding  to  the 
mean  of  the  distances. 

17.  Given  the  apparent  distance  of  the  moon  and  nm,  or  of  the  moon 
and  a  fixed  etar^  and  the  altitudes  of  the  bodies^  to  determine  the  true 
distance. 

Let  Z,  Fig.  49,  be  the  zenith,  ZH  the  Tertical  passing  through  the 
moon,  and  ZO,  that  passing  through  the  sun,  or  a  star.  Then  as  the 
moon  is  nnore  depressed  by  parallax,  than  it  is  elevated  by  refraction,  the 
apparent  place  is  below  the  true  place.  But  for  the  sun  or  a  star  as  the 
parallax  is  very  little  or  insensible,  the  apparent  place  is  above  the  true 
place.  Let  M  be  the  apparent  place,  and  M'  the  true  place  of  the  moon  ; 
and  S  the  apparent  place,  and  S'  the  true  place  of  the  sun  or  star.     Put« 

H  =s  HM  ==  apparent  altitude  of  the  moon, 
H' «  HM'  =a  true  do. 

A  es  OS  SB  apparent  altitude  of  the  sun  or  star, 
A  »  OS'  «=  true  do. 
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D  a  MS  V  apparent  distance* 

ly  »  M'S'  »  true  do. 

Then  in  the  triangle  ZMS,  we  have,  (App.  34), 

„       cos  D — sin  H  sin  A 

coaZ— 5 7 

cos  H  cos  A 

cog  D  —  cos  H  cos  A  +  cos  (H  +  A) 

cos  H  cos  A 

^coeD  +  co8(H  + A) 

cos  U  cos  A  * 

In  like  manner  from  the  triangle  ZM'S'  we  ha?e, 

^^.>^-C08iy  +  cos(H-+  A) 

cos  It J77 r-, ^—  !• 

COS  H  cos  A 
cosD  +  co8(H  +  A)     COS  IX  +  cos  (H'  +  A^) 
COS  H  cos  A  cos  H'  cos  A'        * 

Or,  cos  ly  -  c^fHlcosA;  [cos  D  +oos  (H  +  A)]  — cos(H'  +  A'). 
cosHcosA  •'-  *         \     T      /J  \  / 

But, 

006  D  +  co8(H  +  A)  »  2  cos  i  (H  +  A  +  D)  cos  i  (H  +  A  — D), 

(App.  22) 

cos  (H'+  AO  «  2  cos«  i  (H'  +  AO  —  1  (App.  9) 

cos  D'  «=  1  —  2  sin*  i  D'  (App.  8). 

Substituting  these  values,  and  reducing,  we  ha?e, 

gin*  i  ly  =r  coa>  i  (H'  +  A')  — 

cos  i  ^H  4-  A  +  D)  cos  i  (H  +  A  — P)  cos  g  cos  A^ 

cos  H  cos  A 

=  cos»i(H'+A'). 

cos  j  (H  +  A  +  D)  cos  i  (H  +  A  — D)  cos  H^  cos  A^ 

I    ^^  cos*  H  cos  A  1 

^  cos»  i  (H'  +  A')  ^ 

Make  sin  M  b 

/cos  i  (H  +  A  +  P)  cos  ^  (H  +  A  —  P)  cos  H^  cos  A  A 

\ cos  H  cos  A  f 

cos  i  (H'  +  A') 

Then, 

sin«  J  D'-  COS"  i  (H'  +  AO-  (1  — sin«  M)  =  cos*  i  (H'  +  A^  coa«  M, 

Or,  sin  J  P'  =  cos  i  (H'  +  AO  cos  M. 
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CHAPTER  XVIL 


OF  THE  CALENDAR. 


1.  The  Cidmiar  is  a  distribittioQ  of  time  into  periods  of 
d^erant  lengths,  as  years,  months,  weeks,  and  days. 

2.  It  has  been  shown  that  the  tropical  year  contains 
365  d.  5  h.  48  m.  48  sec  (7.9).  But  in  reckoning  time  for 
the  common  purposes  of  life,  it  is  most  convenient  to  have 
the  year  to  contain  a  certain  number  of  wh)h  days.  In  the 
calendar  established  by  Julius  G»sar,  and  thence  called 
the  Ju&m  calendar,  three  successive  years  are  made  to 
consist  of  365  days  each ;  and  the  fourth,  of  366  days. 
The  year  which  contains  366  days,  is  called  a  BissextUe 
year.  It  is  also  frequently  called  Le(^  year.  Thb  others 
are  called  cmmmtm  years.  The  added  day  in  a  bissextile 
year  is  called  the  Intercalary  day. 

3«  According  to  the  Julian  calendar,  and  reckoning 
fr(Hn  the  epoch  of  the  christian  era,  every  year,  the  num- 
ber of  which  is  exactly  divisible  by  4,  is  a  bissextile;  and 
the  others  are  common  years.  ' 

4.  It  is  evident  that  the  reckoning  by  the  Julian  calen- 
dar supposes  the  length  of  the  year  to  be  365i  days.  A 
year  of  this  length  is  called  a  JiJian  Year.  A  Julian  year^ 
therefore,  exceeds  the  true  astrcmomical  year,  by  11m. 
12  sec.  This  difference  amounts  to  3i  days  in  the  course 
of  400  years. 

5.  At  the  time  of  the  Council  of  JVtce^  which  was  held  in 
the  year  325,  the  vernal  equinox  fell  on  the  2l8t  of  March, 
according  to  the  Julian  calendar.  But  by  the  latter  part 
of  the  16th  century,  in  consequence  of  the  excess  of  the 
Julian  year  above  the  true  solar  year,  it  came  ten  days 
earlier,  that  is,  on  the  11th  of  March.  It  was  observed 
that  by  continuing  to  reckon  according  to  the  Julian  cal- 
endar, the  seasons  would  fall  back,  so  that  in  process  of 
time  they  would  correspond  to  quite  different  times  of  the 
year.  This  reckoning  also  led  to  irregularity  in  the  times 
of  holding  certain  festivals  of  the  church.    The  subject, 

25 
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claiming  the  atteotioo  of  Pope  Gregory  XIII.  he,  with  the 
assistance  of  several  astronomers,  reformed  the  calen- 
dar. To  allow  for  the  10  days,  by  which  the  vernal  equi- 
nox had  fallen  back  from  the  2l8t  of  March,  he  ordered 
that  the  day  following  the  4th  of  October,  15^,  should  be 
reckoned  the  15th,  instead  of  the  5tb.  And  in  order  to 
keep  the  vernal  equinox  to  the  21st  of  Marcb^  in  foture,  it 
was  concluded  that  three  intercalai'y  days  should  be  omit- 
ted every  four  hundred  years.  It  was  also  concluded  that 
the  omission  of  the  intercalary  days  should  take  place  im 
those  centurial  years,  the  numbers  of  which  were  not 
divisible  by  400.  Thus  the  years  1700, 1800,  and  190Q, 
which,  according  to  the  Julian  calendar,  would  be  bissex* 
tiles,  would,  according  to  the  reformed  calendar,  be  com^ 
moft  years. 

6.  The  calendar,  thus  reformed^  is  called  the  Or^^rian 
calendar.  It  is  easy  to  perceive,  by  a  short  calculaticMiy 
that  time  reckoned  by  the  Gregorian  calendar,  agrees  so 
nearly  with  that  reckoned  by  true  solar  years,  that  it  wHt 
require  nearly  4000  years  to  produce  the  difference  of  one 
day. 

7*  The  Gregorian  calendar  was  at  once  adopted  in 
catholic  countries;  but  in  those  where  the  protostant 
religion  prevailed,  it  did  not  obtain  a  place  till  some  time 
after.  In  England  and  her  colonies,  it  was  not  introduced 
till  the  year  1752.*  It  is  now  used  in  all  Christian  cooQ- 
tries,  except  Russia. 

8.  The  Julian  and  Gregorian  calendars  are  also  deeig- 

♦  At  thk  time  there  Was  n  difierence  of  11  days  between  the  Julian  and  Gregorian 
oalendare,  in  oonfequeBce  of  the  enpinreMion,  in  the  latter,  of  the  intercalary  day  in 
1700.  It  was  therefore  enacted  by  parliament,  that  11  days  should  be  left  oat  of  th« 
month  of  September,  of  the  current  year,  1752,  by  calling  the  day  fallowing  the  2d  of 
the  month,  the  14th,  instead  of  the  3d. 

Prrriotts  to  this,  years  commencing  at  two  different  Umes  had  been  in  use,  in  Eng- 
land. The  historical  year  commenced  on  the  Ut  of  January,  as  at  present  But  the 
HetZ  or  legal  year  commenced  on  the  25th  of  March.  Dates  in  the  interval  between 
these  droes,  were  frequentiy  expressed  by  naming  both  years.  Thoe  in  booka  prialMl 
Fjor  to  1752,  we  often  meet  with  dates  expressed  as  follows :  Feb.  2d,  1735-6,  or  173f . 
The  »me  act  that  introduced  the  Gregorian  calendar,  estabUsfaed  the  Ist  of  January 
■•  the  OMBmeiioeiMiit  of  ikm  dfil,  as  weU  w  of  the  histericai  year. 
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Mited  by  the  terms  Old  Siyh  and  JYew  Style.  In  conee- 
qu«ice  of  the  mtcrcalary  days,  omitted  in  the  years  1700 
and  1800,  there  is  now  12  days  difierence  between  them. 

9.  The  year  is  divided  into  12  portions,  called  calendar 
mottth&  Each  of  tifiese  contains  either  30  or  31  days, 
ezce^  the  second  month,  February,  which  in  a  common 
year  contains  28  days,  and  in  a  bissextile,  29  days ;  the 
iOtercalary  day  being  added  at  the  last  of  this  month. 

10.  It  was  formerly  customary  to  designate  the  days  of 
tbe  week  in  the  calendar  by  the  first  seven  letters  of  the 
alphabet,  always  placing  them  so  that  A  corresponded  to 
tke  first  day  of  tbe  3rear,  B  to  the  second^  C  to  the  third, 
D  to  the  fourth,  £  to  the  fifth,  F  to  the  sixth,  G  to  tbe 
aeventfa,  A  to  the  eighth,  B  to  the  ninth,  and  so  on. 
AcGordii^  to  this  arrangement,  whatever  letter  designates 
any  given  day  of  the  week  in  tbe  first  part  of  the  year, 
€OBtinnes  to  desigaate  tbe  same  throughout  the  year. 
Tbe  letter  designating  tbe  first  day  of  the  week,  or  Sun- 
day, 18  called  tlie  Dominical  LMer. 

11.  As  a  common  year  consists  of  365  days,  or  52 
weeks  and  I  day,  the  last  day  of  each  common  year  must 
fitil  oo  tbe  same  day  of  the  week  as  the  first,  and  the  next 
year  must  commence  one  day  later  in  tbe  week.  Conse- 
i|oently  the  day  of  the  week  which  was  the  first  day  of  the 
former  year,  and  was  designated  by  A,  is  the  seventh  day 
ai  the  second  year,  and  is  designated  by  G ;  that  which 
was  the  second,  and  was  designated  by  B,  in  the  former 
year,  is  the  first,  and  is  designated  by  A  in  the  second,  and 
so  on.  It  therefore  follows,  that  whatever  letter  is  the 
dominical  letter,  in  any  common  year,  the  letter  next  pre- 
cedifig  it  m  the  alphabet  is  the  dominical  letter  in  tbe 
fidlowing  year;  except  the  former  was  A,  in  which  case 
the  second  is  G. 

12.  In  every  cominon  ye^r,  the  first  day  of  March  is  the 
60th  da^r  of  the  year,  and  conasqueatly  corresponded  to 
the  letter  D.  In  bissextile  years,  on  account  of  tbe  inter- 
calation, the  1st  of  March  is  the  61st  day  of  the  year ;  but 
the  letter  D  was  still  made  to  ccnrrespond  to  it,  and  the 
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letters  for  the  remaining  part  of  the  year  were  arranged 
accordingly.  It  therefore  follows  that,  after  the  29th  of 
February,  any  given  day  of  the  week  was  designated  bf 
the  letter  in  the  alphabet  next  preceding  that  by  which  it 
was  designated  in  the  first  two  months.  Consequently  a 
bissextile  had  two  dominical  letters,  one  of  which  apper- 
tained to  January  and  February,  and  the  other,  which  was 
the  next  preceding  letter  in  the  alphabet,  app^taiaed  to 
the  other  ten  months. 

13.  From  what  has  been  said,  it  follows  that  the  domi- 
nical letters  succeed  one  another  in  a  retrograde  order, 
that  is,  in  the  order  G,  P,  E,  D,C,  B,  A,  G,  F,  &c ;  and 
that  each  bissextile  has  two,  in  the  same  order. 

It  is  now  usual  to  retain  only  the  dominical  letter  in  the 
calendar,  and  to  designate  the  other  days  of  the  week  by 
numbers  or  by  their  names. 

14.  The  year  1800,  which  was  a  common  year,  com- 
menced  on  the  fourth  day  of  the  week,  and  consequently 
the  dominical  letter  was  the  5th  of  the  alphabet,  which  is 
E.  From  thence,  taking  into  consideration  that  every 
four  years,  in  which  a  bissextile  is  included,  requires  five 
dominical  letters  in  a  retrograde  order,  it  is  easy  to  find 
the  dominical  letter  for  any  year  in  the  present  century* 
To  do  this,  multiply  the  number  of  years  above  1800,  by 
5,  and  divide  the  product  by  4,  neglecting  the  remainder. 
Divide  the  quotient  by  7,  and  subtract  the  remainder  fi'om 
5 ;  or  from  12,  when  the  remainder  is  equal  to  or  greater 
than  5.  The  last  remainder  is  the  number  of  the  domini- 
cal letter. 

Delambre,  in  the  38tb  chapter  of  his  Astronomy,  has 
given  the  investigation  of  a  formula  for  finding  the  domi'* 
nical  letter  in  any  century,  according  to  the  Gregorian 
calendar. 

15.  There  are  some  periods  of  time,  which,  though 
they  are  not  now  much  used,  it  may  be  proper  briefly  to 
notice. 

16.  The  Solar  Cycle  is  a  period  of  28  years,  in  which, 
according  to  the  Julian  calendar,  the  days  of  the  Wjsek 
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return  to  the  same  d«y«  of  the  month,  and  in  the  Bame 
order.  The  first  year  of  the  Christian  era  was  the  10th 
of  this  cycle.  Consequently,  if  9  be  added  to  the  number 
of  any  year,  and  the  sum  be  divided  by  28,  the  remainder 
will  be  the  number  of  the  year  of  the  solar  cycle.  When 
diere  is  no  remainder,  the  year  is  the  2&th  of  the  cycle. 

17.  The  Lunar  Cyd^  or  as  it  is  sometimes  cal^d,  the 
MeHmk  CyeU^  is  a  period  of  19  years,  in  which  the  con- 
junctions,  oppositions,  and  other  aspects  of  the  moon, 
return  on  the  same  days  of  the  year.  The  synodic  rero- 
lution  of  the  moon  being  29.5305885  days*  235  rero- 
Intions  are  6939.688  days;  which  differs  only  aboat  an 
hour  and  a  half  from  19  Jnhan  years.  The  number  by 
which  the  year  of  the  lunar  cycle  is  designated,  is  fre- 
quently called  the  GohUn  Number. 

The  first  year  of  the  christian  era  was  the  2d  of  ^e 
lunar  cycle.  Hence  to  find  the  year  of  the  cycle,  for  any 
given  year,  add  1  to  the  number  of  the  year,  and  divide  by 
19.  The  remainder  expresses  the  year  of  the  cycle.  If 
nothing  remains,  the  year  is  the  19th  of  the  cycle. 

18.  The  Cycle  of  the  Indiction  is  a  period  of  15  years. 
This  period,  which  is  not  astronomical,  was  introduced  at 
Rome,  under  the  emperors,  and  had  reference  to  certain 
judicial  acts. 

To  find  the  cycle  of  the  indiction  for  a  given  year,  add 
3,  and  divide  by  15.  The  remainder  t)xpresses  the  year 
of  the  cycle. 

19.  The  JmUoh  Period  is  a  period  of  7980  years,  obtain- 
ed by  taking  the  continued  product  of  the  numbers,  28, 19^ 
and  15.  After  one  Julian  period  the  different  cycles  of  the 
sun,  moon,  and  indiction,  return  in  the  same  order,  so  as 
to  be  just  the  same  in  a  given  year  of  the  period,  as  in  the 
same  year  of  the  preceding  period.  The  first  year  of  the 
Chrii^tian  era  was  the  47 14th  of  the  Julian  period.  Hence 
if  4713  be  added  to  the  number  of  a  given  year,  the  result 
will  be  the  year  of  the  Julian  period. 

20.  The  Epact^  as  an  astronomical  term,  is  the  mean  age 
.  erf*  the  moon  at  the  commencemwt  of  a  year,  or  in  other 
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words,  it  is  the  interval  between  tbe  coinmeBcement  cftke 
year  and  the  time  of  the  last  mean  new  moon;  aad  is 
expressed  in  days,  hours,  minutes,  and  seconds. 

2L  The  Epact^  as  given  in  the  calendar,  is  nearly  the 
age  of  the  moon  at  the  oommeneement  of  the  year,  ex- 
pressed in  whole  days,  and  was  introdoced  for  tbe  pur- 
pose of  finding  the  days  of  mean  new  and  full  moon 
throughout  the  year,  and  thence  the  times  of  certain  festi- 
vals. Without  entering  into  any  explanation  of  the  rea«> 
son  of  the  rule,  it  mast  suffice  here  to  observe,  that  tb^ 
Epact  for  ifcny  year  during  the  present  century  may  be 
found  by  multiplying  the  golden  number  of  the  year  by  1 1> 
adding  19  to  the  product  and  dividing  the  eura  by  80. 
The  remainder  is  the  £^^t  for  the  year. 


CHAl>TER  XVIIL 

UNIVERSAL  GRAVITATION  AND  SOME  OP  ITS  EFFECTS. 

1.  It  is  designed  to  give  in  this  chapter  a  generd  view 
of  some  of  the  effects  of  the  attraction  of  gravitation, 
without  entering  into  very  minute  investigations.  The 
propositions,  contained  in  the  first  four  of  the  following 
articles,  are  demonstrated  in  treatises  on  mechanics. 

2.  If  a  body,  put  in  motion,  be  urged  towards  a  fixed 
point,  not  in  the  direction  of  its  motion,  by  a  force  con- 
tinually acting  upon  it,  it  will  move  in  a  curve;  and  tlie 
straight  line  drawn  from  the  body  to  the  point,  will  de^ 
Bcribe  areas  proportional  to  the  times* 

3*  Conversely,  if  a  body  oaove  in  a  carv«,  in  snch  «aa«* 
wtt  that  the  straight  line  drawn  from  it,  to  some  poist^ 
doBcribes  areas  proportional  to  tbe  times,  tbe  body  is 
urged  towards  the  point  by  a  force  cootiniiaUy  acting 
on  it 

By  Kepler's  first  and  aecond  lawa,  tbe  planets  revive 
in  curves  about  the  sun,  and  tl^ir  radius  ^ecton  deacrite 
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areas  profMurtiooal  |o  tl»  tinm.  Consequeirtly  the  (danetl^ 
are  urged  towarda  tbe  aua  by  foroes  contiiHially  acting 
on  them. 

4*  If  a  body  revolving  about  a  poiDt,  be  coatinually 
urged  towards  that  point  by  a  force  which  varies  inverseiy 
as  the  square  of  the  distance,  it  will  move  in  an  Ellipse  or 
some  other  of  the  curves^  called  Conie  Ssctions. 

5.  If  a  body,  contiaaally  urged  by  a  force  directed  to 
aome  point,  describe  an  ellipse  of  which  that  point  is  a 
focQS,  the  force  must  vary  inversely  as  the  square  of  the 
distance.  4 

k  therefore  follows,  from  Kepler's  second  law,1hat  each 
planet  is  continually  urged  towards  the  sun,  by  a  force 
which  varies  inversely  as  the  square  of  the  distance  from 
the  sun's  centre. 

6.  Since  each  planet  is  urged  towards  the  sun  by  a  fory 
varying  inversely  as  the  square  of  the  distance,  it  is  rea^* 
sooable  to  suppose,  instead  of  a  distinct  force  for  each 
planet,  a  single  force  residing  in  the  sun,  and  varying  from 
planet  to  planet  according  to  the  same  law. 

7.  By  taking  into  view  Kepler's  third  law,  for  the  mo- 
tions of  the  planets,  it  is  proved  that  the  sun  is  the  centre 
of  a  force,  which,  acting  on  the  particles  of  matter  in  all 
the  planets,  and  varying  in  intensity,  inversely  as  the  square 
of  the  distance  from  the  sun's  centre,  retains  them  in  their 
orbits. 

8.  As  the  motions  of  the  satellites  of  Jupiter,  Saturn,  and 
Uranus,  are  conformable  to  Kepler's  third  law,  it  is  proved 
in  like  manner  that  each  of  these  planets  is  the  centre  of 
a  force  which,  varying  in  intensity  inversely  as  the  square 
of  the  distance  from  the  centre  of  the  planet,  extends  to 
the  satellites  and  retains  them  in  their  orbits. 

9.  The  earth  has  but  one  satellite,  and  therefore  Kep- 
ler's third  law  does  not  apply  to  it.  But  by  investigations, 
founded  on  the  distance  which  a  heavy  body  falls  at  the 
earth's  surface  in  one  second  of  time,  compared  with  the 
distance  which  the  moon  recedes  in  the  same  time  from 
a  tangent  to  its  orbit,  towards  the  earth,  it  is  proved  that 
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the  force  <^  gravity,  varjnng  inreniely  9s  the  fl^vare  of  tiie 
distanee,  exte&ds  to  the  moon  a&d  retains  it  ia  its  orbit 

10.  The  existence  of  a  similar  force,  in  each  erf*  the 
planets  that  have  no  satellites,  is  inferred  from  the  effects 
which  they  are  known  to  produce  on  one  another  and  o& 
the  other  planets. 

11.  The  circumstances  mentioned  in  the  preceding 
articles  serve  to  prove  that  all  particles  of  matter  are 
nrged  towards  one  another,  with  a  force  which  variea 
inversely  as  the  square  of  the  distance.  This  force  is 
called  the  #brc«  of  Gravitation. 

12.  A  Projectik  Farce  is  the  force  by  which  a  body  is  put 
in  motion. 

13.  A  Centripetal  Force  is  the  force  by  which  a  body 
revolving  about  another  body  is  urged  towards  it. 

^4.  A  Centrifugal  Force  is  the  force  by  which  a  body 
revolving  about  another  body  tends  to  recede  from  it. 

15.  Centripetal  w^A  Centrifugal  forces  are  called  Central 
Forces. 

RELATIVE   MASSES   OF   THE    PLANETS. — RELATIVE  WEIGHT  OF  A 
BODY  AT  THEIR  SURFACES. 

16.  The  relative  quantities  of  matter  or  masses  of  the 
sun,  planets,  and  satellites,  may  be  determined  with  consi- 
derable accuracy,  from  the  effects  which  they  produce  in 
disturbing  the  motions  of  each  other.  For  these  effects 
depend  on  the  quantities  of  matter  of  the  disturbing  bodies 
and  on  their  distances ;  and  the  distances  are  known  from 
the  methods  of  plane  astronomy. 

17.  The  masses  of  those  planets  which  have  satellites 
may  be  found  in  a  simpler  manner  and  with  greater  accu- 
racy. If  I  denote  the  mass  of  the  sun,  M  the  mass  of  a 
planet,  m  the  mass  of  one  of  its  satellites,  D  the  mean 
distance  of  the  planet  from  the  sun,  d  the  mean  distance 
of  the  satellite  from  the  planet,  and  P  and  p  the  periodic 
times  of  the  planet  and  satellite  respectively ;  then  it  is 
proved  that 

M  +  m      ^  P« 
I  +  M  *  D«  p"' 
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As  the  mass  of  the  satellite  is  small  compared  with  that 
of  the  planet,  and  the  mass  of  the  planet  is  small  compared 
with  that  of  the  sun,  we  have, 

18.  The  following  table  exhibits  the  relative  quantities 
of  matter  or  masses  of  the  sun  and  planets  as  given  by 
Laplace  in  the  fifth  edition  of  his  Systeme  Du  Monde. 

Suo 1^ 

'•''"'"'y      2026810 

Venos    •  *  -  ..^...^ 

406871 

Tbe  Earth 

364936 

Mars 

2646320 

'"^^^  103^ 

*^""     36TF 

^~^ 17518 

If  the  mass  of  the  earth  be  denoted  by  1,  the  mass  of 
the  moon,  according  to  the  most  accurate  determination, 

19.  The  densities  of  bodies  are  proportional  to  their 
quantities  of  matter,  divided  by  theif  bulks.  The  follow- 
ing table  contains,  approximately,  the  densities  of  the 
sun,  moon,  and  planets,  the  density  of  the  earth  being 
denoted  by  1. 

San 0.262 

MareoTj 2.686 

YenuB       .......  1.024 

The  Earth 1.000 

The  Moon 0.616 

Mars     -        - 0.666 

Jupiter 0.201 

Saturn 0.103 

Uimnos 0.218 

26 
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20.  Supposing  the  planets  to  be  exactly  spherical  and 
not  to  revolve  on  their  axes,  the  weight  of  the  same  body 
at  their  different  surfaces  would  be  proportional  to  their 
quantities  of  matter,  divided  by  the  squares  of  their 
diameters.  But  the  centrifugal  force,  at  the  surface  of  a 
planet  that  revolves  on  its  axis,  diminishes  the  weight  of 
a  body,  placed  on  it,  particularly  near  the  equator.  The 
diminution  thus  produced,  on  any  of  the  planets,  is  not, 
however,  very  considerable.  The  following  table,  taken 
from  Vince^s  Astronomy,  exhibits  the  relative  weight, 
nearly,  of  a  body  at  the  surface  of  the  sun  and  planets,  its 
weight  at  the  surface  of  the  earth  being  denoted  by  1. 

Sun 27.70 

Mercury        -        -         -      •  -         -         -  1.70 

Venus 0.98 

The  Earth 1.00 

Mars 0.34 

Jupiter 2.33 

Saturn 1.02 

Uranus 0.93 

THE  CENTRE  OF  ORAVITT  OF  THE  SOLAR  SYSTEM. 

21.  As  all  particles  of  matter  attract  each  other,  the  sun 
must  be  attracted  towards  a  planet,  in  like  manner  as  the 
planet  is  towards  the  sun.  But  as  the  quantity  of  matter 
in  the  sun  is  far  greater  than  that  in  any  of  the  planets^ 
its  attraction  at  a  given  distance  must  be  proportionably 
greater. 

22.  If  there  were  only  one  planet,  the  sun  and  that 
planet  would  describe  similar  ellipses,  of  which  their  com- 
mon centre  of  gravity  would  be  one  of  the  foci ;  their  dis- 
tances from  that  point  being  always  inversely  as  their 
quantities  of  matter.  As  there  are  several  planets  revolv- 
ing round  the  sun,  the  path  of  the  sun^s  centre  must  be  a 
more  complicated  curve.  But  the  quantity  of  matter  in 
all  the  planets,  taken  together,  being  very  small,  compared 
with  that  in  the  sun,  the  extent  of  the  curve  described  by 
the  sun's  centre  cannot  be  very  great. 

23.  It  is  found  by  computation,  that  the  distance  between 
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the  sun's  centre  and  the  ceDtre  of  gravity  of  the  system, 
can  never  be  equal  to  the  sun^s  diameter. 

24.  It  is  proved  by  writers  on  mechanics  that  the  cen- 
tre of  gravity  of  a  system  of  bodies  is  not  affected  by  the 
mntual  actions  of  these  bodies  on  one  another ;  and  that 
unless  there  are  extraneous  actions,  the  centre  of  gravity 
wSl  either  remain  at  rest  or  move  uniformly  in  a  right 
line. 

25.  From  the  minute  changes  in  the  situations  of  some 
of  the  fixed  stars,  called  their  proper  motioDs  (14.21),  Dr« 
Berschel  inferred  that  the  centre  of  gravity,  and  conse- 
quently the  whole  system  of  the  sun  and  planets,  is  in  mo- 
tion towards  the  constellation  Hercules.  The  observa- 
tions hitherto  made,  are  not,  however,  considered  sufficient 
to  prove  the  existence  of  such  a  motion. 


26.  Kepler^s  laws,  with  regard  to  the  motions  of  the 
planets,  have  been  thus  far  considered  as  rigorously  true. 
It  may  now  be  proper  to  inform  the  student  that  the  mutual 
actions  of  the  heavenly  bodies  on  each  other  cause  slight 
deviations  from  those  laws,  as  they  are  stated  in  the  pre- 
ceding part  of  the  wcgrk. 

27.  If  the  radius  vectCHT  and  mean  distance  of  a  planet 
be  reckoned  from  the  centre  of  gravity  of  the  system,  to 
the  centre  of  the  planet,  or  when  the  planet  has  satellites, 
to  the  centre  of  gravity  of  the  planet  and  satellites,  the  ^ 
first  and  second  laws  will  hold  true,  excepting  so  far  as 
the  motion  of  the  planet  is  affected  by  the  actions  of  the 
others. 

28.  The  third  law,  as  applied  to  any  two  of  the  planets, 
is  affected  not  only  by  the  actions  of  the  other  planets,  but 
also  by  the  quautities  of  matter  in  the  two  planets  them- 
selves,  ifp  and  P  be  the  periodic  revolutions  of  any  two 
of  the  planets,  a  and  A  their  mean  distances  from  the  cen- 
tre of  gravity  of  the  system,  and  m  and.  M  their  quantities 
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of  matter,  that  of  the  sun  being  denoted  by  1,  then,  disre- 
garding the  actions  of  the  other  planets, 

^  "   l+ml  +  M* 

PROBLEM  OF  THE  THREE  BODIES. 

29.  If  we  suppose  only  two  bodies  to  gravitate  towards 
each  other,  with  forces  inversely  as  the  squares  of  their 
distances,  and  to  revolve  about  their  common  centre  of 
gravity,  they  would  move  in  conic  sections,  and  the  radius 
vectors  would  describe  areas  proportional  to  the  times ; 
the  centre  of  gravity  either  remaining  at  rest  or  moving 
uniformly  in  a  right  line.  But  if  there  are  three  bodies, 
the  action  of  any  one  on  the  other  two  changes  the  nature 
of  their  orbits,  so  that  the  determination  of  their  motions 
becomes  a  problem  of  the  greatest  difficulty,  distinguished 
by  the  name  of  The  Problem  of  the  Three  Bodies. 

30.  The  solution  of  the  problem  of  the  three  bodies,  in 
its  utmost  generality,  is  not  within  the  power  of  the  mathe- 
matical sciences  as  they  now  exist.  Under  certain  limita- 
tions, however,  and  such  as  are  quite  consistent  with  the 
condition  of  the  heavenly  bodies,  it  admits  of  being  resolv- 
ed. These  limitations  are,  that  the  force  which  one  of 
these  bodies  exerts  on  the  other  two,  is,  either  from  the 
smallness  of  that  body,  or  its  great  distance,  very  incon- 
siderable, in  respect  to  the  forces  which  these  two  exert 
on  one  another. 

31.  The  force  of  the  third  body  is  called  a  disturbing 
force^  and  its  effects  in  changing  the  places  of  the  other 
two  bodies  are  called  the  disturbances  of  the  System. 

32.  Though  the  small  disturbing  forces  may  be  more 
than  one,  or  though  there  be  a  great  number  of  remote 
disturbing  bodies,  the  computation  of  their  combined  effect 
arises  readily  from  knowing  the  effect  of  one ;  and  there- 
fore the  problem  of  three  bodies,  under  the  conditions  just 
stated,  may  be  extended  to  any  number. 

33.  The  problem  of  the  three  bodies  has  exercised  the 
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ingenuHy  of  several  of  the  most  eminent  mathematicians. 
But  Laplace,  in  the  Mecanique  Celeste^  has  extended  the 
solution  farther  than  any  other  person.  He  has  given  a 
very  complete  investigation  of  the  inequalities,  both  of  the 
planets  and  satellites. 

INEQUALITIBS  OF  THE  MOON. 

34.  The  moon  is  attracted  at  the  same  time  by  both 
the  earth  and  sun ;  it  is  only,  however,  the  difference  be- 
tween the  gravitations  of  the  earth  and  moon  towards  the 
sun  that  disturbs  the  motion  of  the  moon  about  the  earth. 
If  the  sun  were  at  an  infinite  distance,  they  would  be 
attracted  equally,  and  in  parallel  straight  lines;  and  in 
that  case  their  relative  motions  would  not  be  in  the  least 
disturbed.  But  his  distance,  although  very  great  in  respect 
of  that  of  the  moon,  yet  cannot  be  supposed  infinite ;  the 
moon  is  alternately  nearer  the  sun,  and  farther  from  him 
than  the  earth,  and  the  straight  line  which  joins  her  centre 
and  that  of  the  sun,  forms  with  the  terrestrial  radius  vec- 
tor an  angle  which  is  continually  varying ;  thus  the  sun 
acts  unequally  and  in  different  directions  on  the^arthand 
moon,  and  from  this  diversity  of  action  there  must  result 
inequalities  in  her  motion  which  depend  on  her  position  in 
respect  of  the  sun. 

35.  At  the  quadratures,  the  gravity  of  the  moon  to  the 
earth  is  increased  in  consequence  of  the  sun^s  action,  by 
a  quantity  equal  to  the  product  of  the  mass  of  the  sun,  by 
the  distance  of  the  moon  from  the  earth,  divided  by  the 
cube  of  the  earth's  distance  fi'om  the  sun ;  at  the  syzigies 
it  is  diminished  by  twice  this  quantity ;  and  the  effect  in 
the  whole,  is  a  diminution  of  the  moon^s  gravity,  equal  to 
the  product  of  the  sun^s  mass  by  the  moon's  mean  distance 
fi'om  the  earth,  divided  by  twice  the  cube  of  the  earth's 
distance  fi'om  the  sun.  And  the  value  of  the  mean  dimi- 
nution is  equal  to  a  368th  part  of  the  whole  gravity  of  the 
moon  to  the  es^th. 

It  is  a  well  koown  propoBition  in  mechanicsi  that  if  AB  and  AD,  Fig. 
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5O9  represent  the  quantitiea  and  directions  of  two  forces  acting  on  a  point 
or  body  at  A,  and  the  parallelogram  A  BCD  be  completed,  the  diagonal 
AC  will  represent  the  quantity  and  direction  of  a  single  force  which  would 
produce  the  same  effect  as  the  two  forces.  The  substitution  of  a  single 
force  as  the  equivalent  of  two  others,  is  called  the  Composition  of  Forces, 

On  the  contrary,  if  AC  represent  the  quantity  and  direction  of  a  single 
force  acting  on  a  body  at  A,  and  any  parallelogram  ABCD  is  described 
about  AC  as  a  diagonal,  the  adjacent  sides  AB  and  AD  will  represent  the 
quantities  and  directions  of  two  forces  that  are  just  equivalent  to  the 
single  force.  The  substitution  of  two  forces,  as  the  equivalent  of  a  single 
force,  is  called  the  ResolvHon  of  Forces. 

Let  ACBO,  Fig*  51,  represent  the  orbit  of  the  moon,  which  may  in  this 

investigation  be  considered  as  coinciding  with  the  plane  of  the  eciipiic. 

Also  let  S  be  the  sun,  £  the  earth,  M  the  place  of  the  moon  in  her  orbit, 

and  AB  perpendicular  to  S£,  the  line  of  the  quadratures.     Let  the  line 

SE  represent  the  force  which  the  sen  exerts  on  the  earth  at  E,  or  on  the 

moon,  when  in  quadratures,  at  A  and  B*.     Then,  SM'  :  SE'  :  SE  : 

SE' 

^.~-  aa  the  force  with  which  the  sun  acts  on  the  moon  at  M.    In  the  line 

SE' 
MS,  produced  if  necessary,  take  MD  »  ^rp  ;   then  MD  represents  the 

force  which  the  sun  exerts  on  the  moon  at  M.  Let  the  force  MD  be 
resolved  into  the  two  MH  and  MG,  one  of  which,  MH,  is  equal  and 
parallel  to  EB.  Then  since  the  force  MH  is  equal  and  parallel  to  ES,  it 
will  have  no  tendency  to  change  the  relative  motions  or  positions  of  tbe 
earth  and  moon.  Tbe  other  force  MG,  will  therefore  represent,  in  quan- 
tity and  direction,  the  whole  eilect  of  tbe  sun's  action  in  disturbing  the 
moon's  motion  in  her  orbit.  Let  SM  be  produced  to  meet  the  diameter 
AB  in  N.  Then  because  the  angle  ESN  is  very  small,  being  when 
greatest  only  about  7',  the  line  SN  may  be  considered  equal  to  SE. 
Hence, 

MD      ^1=?^       (SM  +  MN)« 
SM«      SM*""         SM« 
SM«  +  3  SM«  X  MN  +  3  SM  X  MN»  +  MN* 
"    .  SM- 

But  as  MN  \i  very  small  compared  with  SM,  the  two  terms  3  SM  x 
MN',  and  MN"  may  be  omitted.     Therefore, 

^^      SM»  +  3  SM«  X  MN      0^,0  ^^ 
*" — SM« as  SM  +  3  MN.    • 

Or,  SD  «  3  MN. 

•  Strictly  speaking,  as  the  quantity  of  matter  in  the  earth  b  greater  than  that  m 
the  moon,  the  forces  which  the  son  exerts  on  the  earth  and  moon  when  at  equal  dia. 
tanoes,  are  not  equal.  But  tbe  effects  of  those  forces,  in  moving  the  bodies,  are  e^psid, 
and  it  is  these  effects  which  is  the  subject  under  consideration. 
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As  the  aqgle  E8M  is  very  sinall,  and  SD  is  abo  smallt  the  line  DG 
nnust  very  nearly  coincide  witb  SE,  and  consequently  the  point  G  with  the 
point  L.  We  may  therefore  consider  ML  as  the  force  by  which  the  sun 
Astorbs  the  motion  of  the  moon.    Now, 

EL  +  LS  «  ES  =  HM  «  DG  =  SD  +  LS,  very  nearly, 
or,  EL  =a  SD,  very  nearly. 
Hence,  if  MK  be  perpendicular  to  SE,  we  have, 
EL  «  3  MN  »  3  EK. 

Let  the  force  ML  be  resolved  into  two  others,  one  MQ  in  the  direc- 
tion of  the  radins  vector,  and  the  other  MP  in  the  direction  of  a  tangent 
to  the  orbit  at  M.  Then  the  force  MQ  increases  or  diminishes  the 
gravity  of  the  moon  to  the  earth,  according  as  the  point  Q  falls  between 
E  and  M,  or  in  EM  produced.  The  other  force  MP  increases  or  dimi- 
nishes the  moon's  angolar  motion  about  the  earth*  Since  the  moon*s 
orbit  does  not  differ  much  from  a  circle,  the  angle  QMP  may  be  consi- 
dered as  a  right  angle.  Put  a  =  SE,  r  »  EM,  and  «  •»  the  angle  AEM, 
Then, 

EK  a  EM  cos  MEK  »-  r  sin  ar, 
EL  »  3  EK  a  3  r  sin  «, 

3f* 
PM  »  LQ  n  EL  cos  X  sa  3  r  sin  :p  cos  a; » -7-  sin  2  :p,  (App.  7). 

Also,  EQ  a  EL  sin  «  n  3  r  sin"  Zf 
MQ  -a  EQ—  EM  «  3  r  sin"  ap  —  f  ■»  —  f  (1  —  3  sin"  «). 
Or  using  the  affirmative  sign  to  denote  an  increase  in  the  moon's  gravity 
to  the  earth, 

MQa-  +  r(l  — 3sin"a?). 
Now  if  m  » the  mass  of  the  sun,  then  the  force  which  the  sun  exerts 

on  the  earth  may  be  expressed  by  -^«    Hence, 

ES  :  PM  :  :  — .  :  the  force  PM.    Therefore, 
a" 

.     i.        nm«      «   PM      m.3r8inte      3mr   .    .  ... 

the  force  PM«--gg. ^^^  -— sin«x.  (A). 

In  like  manner, 

thefi>rceMQ-5.^-~.(I-3sin«ar),     '  (B). 

When  the  moon  is  in  quadratures,  x  a  0  or  180^,  and  consequently. 

The  force  MQ—+^. 
a" 

When  the  moon  is  in  syzigies,  z  a  90"^  or  270°,  and,  therefore, 

dflW* 

The  force  MQ  « —. 

4r 
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The  force  MQ  is  m  0,  when  3  sin'  «  a  1,  or  sin  ar  m  ^/  i;  that  is, 
when  X  =  36°  16'  62". 

The  moon's  gravity  to  the  earth  is  therefore  increased  while  she  is 

within  about  36°  of  the  quadratures,  on  either  side,  and  is  diminished  in 

all  the  remaining  part  of  the  orbit ;  and  the  greatest  diminution  is  double 

the  greatest  increase.    It  follows,  therefore,  that  in  the  whole  the  moon's 

gravity  to  the  earth  is  diminished  by  the  action  of  the  son.    An  easy 

investigation,  with  the  aid  of  differential  calculus,  proves  that  the  mean 

iiif* 
diminution  is  -^^  ;  r  representing  in  this  case  the  mean  distance  of  the 

moon  from  the  earth.  The  value  of  this  expression  is  readily  found  to  be 
equal  to  the  368th  part  of  the  whole  gravity  of  the  moon  to  the  earth, 
nearly. 

36.  From  the  diminution  of  her  gravity  by  a  368th  part, 
the  moon  describes  her  orbit  at  a  greater  distance  from 
the  earth,  with  a  less  angular  velocity,  and  in  a  longer 
time,  than  if  she  were  acted  on  only  by  the  attraction  of 
the  earth. 

37.  The  inequality  in  the  moon's  motion,  called  the 
Annual  EqucOion^  (10.29),  is  the  effect  of  the  variation  in 
the  distance  of  the  earth  from  the  sun. 

Since,  in  the  expression  -^-pt  which  designates  the  mean  diminution 

in  the  moon's  gravity  to  the  earth,  the  quantities  m  and  r  are  constant, 
it  follows  that  the  mean  diminution  is  inversely  proportional  to  the  cube  of 
the  earth's  distance  from  the  sun.  Hence  as  the  earth  approaches  the 
perihelion,  its  distance  diminishing,  the  mean  diminution  of  the  moon's 
gravity  to  the  earth  must  increase ;  the  moon's  distance  from  the  earth 
must  become  greater  than  it  otherwise  would  be ;  and  consequently  its 
angular  motion  must  be  slower.  The  contrary  takes  place  as  the  eartli 
approaches  the  aphelion. 

38.  The  EvecHon  is  produced  by  an  inequality  in  the 
sun^s  disturbing  force,  depending  on  the  variation  in  the 
moon^s  distance  from  the  earth,  and  on  the  position  of  the 
moon  with  respect  to  the  line  of  the  syzigies. 

Let  R  and  r  denote  the  distances  of  the  moon  from  the  earth,  in  apogee 
and  perigee,  when  the  line  of  the  apsides  coincides  with  the  line  of  the 
syzigies,  X  and  x^  the  disUnces  at  which  the  moon  would  be  from  the 
earth,  in  apogee  and  perigee,  if  she  was  not  acted  on  by  the  sun,  and  6 
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•o(T^  the  perigean  and  apogean  gravities  in  that  case.     Also  put  n  s  >^  ; 

tad  8tip|Mwiiig>ibe  etrili'*dMii(|ice  from  the  sun  to  rttfnain  conalftut,  n  will 
WoonatimU  Then  (36)»  G^^rm  •fid  g — SRii  will  be  ibe  perigesa 
mhI  apogean  gravitfes  of  Hie  oiomh  wlien  tbe  Hoe  of  the  apatdoa  cetacidei 
witli  the  line  oC  tlie  ayzigtea.     Hen€e» 

X"  :  X*  : :  G  :  ^, 

and  R»  ;  H  ;:  G  — 2m  :  g  —  ZRn. 

Conaeqaeotlj, 

X«      G 

^""^ 
^  R»       G  — 2fii 

Now  as  G  is  giwater  than  gf  and  tm  leas  than  !^Rii»  it  is  efideot  that, 

Q—9m,  ^       G 

^ir-  w  greater  than  — . 

g  —  2Rn     *  g 

R"  X» 

Honce,  -r  is  greater  than  -r« 

It  therefore  follows,  that  when  tbe  line  of  the  apsides  eoineides  with  the 
line  of  ibe  Byaigies,  the  ratio  of  the  apogean  distance  of  the  moon  to  the 
perigean  distance,  and  consequently  the  eccentricity  of  the  orbit  ia 
increased  by  tbe  action  of  the  sun.  -  In  like  manner  it  may  be  shown  that 
when  the  line  of  tbe  apsides  coincides  with  the  line  of  tbe  quadratureSt 
the  8un*8  action  diminishes  tbe  eccentricity  of  the  orbit*  Tbe  change  in 
tbe  eccentricity  of  the  orbit  produces  a  change  in  the  equation  of  the 
centre  ;  which  change  is  the  evection. 

39.  The  Variation  is  produced  by  a  part  of  the  sun^s  dis- 
turbing force,  which  acts  iu  the  direction  of  a  tangent  to 
the  moon's  orbit. 

It  has  been  shown  (35.A),  that  MP,  the  part  of  the  sun^s  force  which 

3ifir 
acts  in  tlie  direction  of  a  tangent  to  tbe  orbit,  is  equal  to  --p«  sin  2«, 

Hence,  supposing  the  earth's  distance  from  the  sun  and  tbe  moon's  dis- 
tance from  the  earth  to  remain  constant,  this  force  is  proportional  to  sin 
S«  ;  that  is,  to  the  sine  of  twice  tbe  distance  of  the  moon  from  tbe  quod- 
ratures.  It  is  therefore  greatest  in  the  octants  and  nothing  in  tbe 
syzigies  and  quadratures. 

Supposing  the  moon  to  set  out  from  the  quadrature  A,  the  tangential 
force  MP  continually  accelerates  ber  motion,  till  she  arrives  at  the  sizigy 
C  ;  tbe  ibrce  then  changes  its  direction  and  retards  her  motion.     Conse- 
quently at  G  the  motion  is  greatest*     As  the  moon  advances  from  G,  her 
27 
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motioD  is  continually  retardad  till  she  arrives  at  Bf  where  it  is  least.  It  is 
then  accelerated  till  it  becomes  greatest  at  O,  and  again  retarded  till  it 
become  least  at  A*  Hence,  as  tbe  notion  is  greatest  in  the  syzigies  and 
least  in  the  quadratures,  and  as  the  degree  of  retardalioo  b  the  eame  ■• 
that  of  acceleration,  we  may  infer  that  tbe  mean  motion*  has  pkoe  whMi 
the  moon  is  in  tbe  octants. 

Now  as  tbe  moon  moves  from  tbe  quadrature  A  with  a  motion  less 
than  her  mean  motion,  her  mean  place  win  be  in  advance  of  her  true 
place,  and  will  become  more  and  more  so,  till  at  the  octant  the  true 
motion  is  equal  to  the  mean.  The  difference  between  the  true  and  mean 
places  is  then  the  greatest.  For  after  that,  tbe  true  motion  being  greater 
than  tbe  mean,  the  true  place  will  appioach  nearer  to  the  mean,  till  at 
the  syzigy  C,  they  coincide.  It  is  equally  plain,  that  at  the  octant  between 
C  and  B,  the  moon's  true  place  wtU  be  most  in  advance  of  the  mean 
placei  and  that  at  B,  they  will  again  coincide.  Corresponding  efiects 
take  place  in  the  two  remaining  quadrants. 

40.  Tbe  inequality  called  the  Accderalion  of  the  Moon 
(10.21),  by  wbicb  ber  velocity  appears  subject  to  continual 
increase,  and  ber  period  to  continual  diminution,  bas  been 
found  by  Laplace  to  be  a  Secular  Equation,  depending  on 
a  cbangc  in  tbe  eccentricity  of  tbe  cartb^s  orbit,  produced 
by  tbe  actions  of  tbe  planets,  and  wbicb  requires  several 
thousand  years  to  go  through  its  different  values. 


41.  Tbe  motion  of  the  apsides  is  produced  by  the  action 
of  the  sun,  in  diminishing  the  moon^s  gravity  to  tbe  earth* 

If  the  moon  was  only  acted  on  by  tbe  earth's  attraction,  it  wouM 
describe  an  ellipsci  and  its  angular  motion  would  be  jtst  180^,  from  one 
apsis  to  the  other;  or  which  is  the  same>  from  one  place  where  tbe  orbit 
cuts  the  radius  vector  at  right  angles,  to  the  other.  But  in  consequence 
of  the  change  produced  in  the  moon's  gravity  to  the  earth,  by  tbe  action 
of  tbe  sun,  tbe  moon's  path  is  not  an  ellipse.  When  tbe  effect  of  the 
sun's  action  is  a  diminution  of  the  moon's  gravity,  she  will  continually 
recede  from  the  ellipse  that  would  otherwise  be  described,  her  path  will 
be  less  bent,  snd  she  must  move  through  a  greater  distance  before  the 
radius  vector  intersects  the  path  at  right  angles.  She  must  therefore 
move  through  a  greater  angular  distance  than  180°,  in  going  from  one 
apsis  to  the  other,  and  consequently  the  apsides  will  advance.    On  the 

*  The  expressiont,  mean  pimce,  trae  place,  mean  motion,  and  true  motion,  are  hara 
to  be  onderfltood  only  in  relation  to  tbe  present  inequality. 
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eomrftify  fi^tnif  tfw  fradtf  it  inervflEtad  by  ike  01111*8  action»  Itie  moon's 
pftib  wiU  fall  witfaio  the  eUipse  which  she  would  oiherwise  deseribe,  ito 
eurratvre  will  be  increaaed,  and  the  diataace  through  wbieh  ahe  mtial 
■aore  before  the  radius  vector  iftterseela  her  path  at  right  angles,  will  be 
laaa.  The  apsides  will  tberefoie  move  backwards.  Now  it  has  beeo 
shown  (36)  that  the  sob's  action  alternately  dimiaiabes  and  increases  the 
aeon's  gravity  to  the  eaith^  The  motion  of  the  apsides  will  thmrefi>re  be 
diernslely  direct  and  retrograde*  But  as  the  diminution  has  place  during 
&  much  longer  part  of  the  moon's  revolotion,  and  is  besides .  greater  than 
the  iaerease,  the  direct  motion  wiU  exceed  the  retrograde.  Consequen(ly« 
IB  an  esltie  revololion  of  the  mooo^  the  apsides  have  a  progressive  motion* 

worriON  OP  the  moon's  itodes,  and  change  in  the  INCLINA^' 

TION  OP  the  orbit. 

42.  The  direction,  in  which  the  sun^s  disturbing  force 
acta  OB  the  moon,  does  not,  except  in  some  particular 
cases,  coincide  with  the  plane  of  the  moon^s  orbit ;  this 
force  therefore  produces  a  tendency  in  the  moon  to  quit 
that  plane,  one  of  the  effects  of  which  is  a  change  in  the 
position  of  the  line  of  the  nodes;  and  another,  is  a  change 
in  the  inclination  of  the  plane  of  the  orbit  to  that  of  the 
ecliptic. 

Let  OL,  Fig,  52,  be  the  line  passing  through  the  centres  of  the  earth 
and  sun,  and  IN'  the  line  of  the  nodes.  These  two  lines  lie  in  the  plane 
of  the  ecliptic,  which  we  may  consider  as  designated  by  the  plane  of  the 
paper.  Let  BMHI  conceived  to  be,  from  EI,  above  the  plane  of  the 
paper,  be  the  plane  of  the  moon's  orbit,  NM  a  part  of  the  northern  half 
of  the  orbit,  and  AB  a  plane,  seen  edgewise,  perpendicular  to  the  line  EL. 
When  the  moon  is  in  this  latter  plane  it  is  in  quadrature. 

Let  ML  designate  the  quantity  and  direction  of  the  sun^s  disturbing 
force  when  the  moon  is  at  M.  Now  when  the  line  of  the  nodes  coincides 
with  OL  the  line  of  the  syziges,  ML  will  coincide  with  the  plane  of  the 
moon's  orbit,  and  will  therefore  have  no  tendency  to  make  the  moon  deviate 
from  that  plane.  Also,  since  EL  is  equal  to  three  times  the  distance  of 
Hie  moon  from  AB  (34),  when  the  moon  is  in  the  plane  AB,  that  is  when 
she  is  in  quadrature,  L  will  coincide  with  E,  and  consequently  ML  will  be 
in  the  plane  of  xhb  orbit,  and  will  have  no  tendency  to  make  the  moon 
move  from  it.  At  all  other  times,  the  force  ML,  not  acting  in  the  plane 
of  the  orbit,  will  tend  to  make  the  moon  quit  that  plane  ;  or  instead  of 
supposing  the  moon  continually  passing  from  one  plane  to  another,  we 
may  conceive  the  plane  itself  to  change  its  position. 

Let  LH  be  drawn  perpendicular  to  IHME  the  plane  of  the  moon's 

Digitized  by  VjOOQ IC 


212  ASTRONOIIY* 

orbit.  Then  if  MH  be  joined,  and  the  paraUeiofrram  MHLK  be  csonv' 
pleted,  the  lines  MH  and  MK  will  represent,  in  quantities  and  directional 
two  forces  that  are  together  equivalent  to  ML.  The  force  MH  acting  in 
the  plane  of  the  orbit,  has  no  tendency  to  change  the  position  of  that  plane* 
The  tendency  of  the  other  force  MK,  acting  at  right  ana  let  to  tlie  plane 
of  the  orbit,  will  be  to  bend  the  moon^s  path  towards  the  ecliptic,  or  from 
it.  When  tlie  effect  of  the  force  MK  is  to  bend  the  moon^s  path  towarda 
the  ecliptic,  the  moon  will  meet  the  ecliptic  sooner  than  it  wotild  other* 
wise  do,  and  consequently  the  node  will  move  backward.  On  the  contrary, 
when  the  force  MK  bends  (he  moon*s  path  from  the  ecliptic,  the  moon 
will  not  meet  the  ecliptic  so  soon  as  it  would  otherwise  do,  and  therefore 
the  node  will  move  forward.  Now  it  is  plain  that  when  the  pointa  L  and 
M  are  on  the  aame  side  of  the  line  of  the  nodes,  the  force  MK  tends  to 
make  the  mounts  path  bend  towards  the  ecliptic ;  and  when  they  are  on 
opposite  sides,  it  tends  to  make  the  path  bend  from  the  ecliptic.  Hence 
when  the  points  L  and  M  are  on  the  same  side  of  the  line  of  the  nodes, 
the  motion  of  the  nodes  is  retrograde  ;  and  when  on  opposite  sides,  it  is 
direct. 

When  the  line  of  the  nodes  has  the  position  NN'  the  points  L  and  M 
will  be  on  the  same  side  of  it,  while  the  moon  is  moving  from  the  node  N 
to  the  next  quadrature  in  EB  ;  and  therefore  the  motion  of  the  nodes  is 
retrograde.  When  the  moon  has  passed  the  quadrature,  the  point  L 
falls  on  the  other  side  of  E,  in  EO  ;  and  therefore  while  the  moon  is  mov- 
ing from  the  quadrature  to  (he  next  node  in  EN\  the  pointa  L  and  M  will 
be  on  opposite  sides  of  the  line  of  the  nodes,  and  the  motion  of  the  nodes 
will  be  direct.  While  the  moon  is  moving  from  the  node  in  EN'  to  the 
quadrature  in  EA,  the  motion  of  the  nodes  will  be  again  retrograde;  and 
while  she  is  moving  from  the  quadrature  in  EA,  to  the  node  in  El  it  will 
be  direct.  Hence,  while  the  moon  is  moving  from  the  nodes  to  the  quad- 
ratures, the  motion  of  the  nodes  is  retrograde  ;  and  while  she  is  mo%ing 
from  the  quadratures  to  the  nodes  it  is  direct  It  is  therefore  plain  that 
in  this  position  of  the  line  of  the  nodes,  the  retrograde  motion  has  place 
during  a  longer  portion  of  the  moon^s  synodic  revolution,  than  the  direct 
motion. 

When  the  line  of  the  nodes  has  the  position  nn'  it  is  eaay  to  determine, 
from  what  has  been  said,  that  the  motion  of  the  nodes  will  be  direct  while 
the  moon  is  moving  from  the  nodes  to  the  quadratures ;  but  retrograde 
while  she  is  moving  from  the  quadratures  to  the  nodes ;  and  therefore, 
that,  in  the  whole  synodic  revolution  of  the  moon,  the  retrograde  motion 
has  place  during  a  longer  time  than  the  direct  motion.  * 

It  appears  then  that  in  each  synodic  revolution  of  the  moon,  tho  nodea 
alternately  retreat  and  advance,  but  that  in  all  cases,  except  when  the  line 
of  the  nodes  nearly  coincides  with  the  line  of  the  syzigies,  the  motion  is 
retrograde  during  a  longer  time  than  it  is  direct. 

Let  the  plane  Llli  be  perpendicular  to  IN  the  line  of  the  nodes.     Then 
the  angle  LIH  is  in  the  inclination  of  the  plane  of  the  moon's  orbit  to 
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tlie  acltptic  As  LH  li  perpendieafar  to  the  plane  of  the  orbit,  the  angle 
IHL  ia  a  right  angle*  Put  x  aa  the  nioon''8  angular  distance  from  the 
quaclraturea*  S  a  lEL,  the  angle  contained  between  the  line  of  the  nodca 
and  the  line  of  the  aystgies,  1  »  LI II  the  inclination  of  the  orLit,  and  r  aa 
£M  flB  radiua  vector  of  the  moon.     l*hen  (36),  £L  ■»  3r  aio  x*    Hence, 

LI  «3>  EL  ain  LEI  »  3r  ain  «  ain  S, 
MK  XI  LH  e  LI  aio  LIH  »  Sr  ain  «  sin  S  ain  L 

Or,  (35),  using  -^  to  denote  tlie  Ibrce  exerted  by  the  sun  on  the  earth, 

•*•■  ^  vaT^  fllaMJlk  3fllf  •        M        •         « 

The  force  MK  —  — r—  ■■  — r-  sin  »  sin  S  sin  I. 

Now  during  any  one  revolution  of  the  moon,  none  of  the  quantities 
which  enter  into  the  expression  for  the  force  MK,  varies  much,  except  sin 
s»  And  it  18  eaay  to  perceive,  by  reference  to  the  figure,  that  sin  x,  and 
consequently  the  force  MK,  always  acquires  its  greatest  value  during  the 
time  the  motion  of  the  nodes  is  retrograde* 

Aa  In  each  aynodic  revolution  of  the  moon,  the  nodes  retreat  during  a 
longer  time  than  they  advance,  and  aa  the  force  which  cauaes  the  motion 
ia  greatest  while  they  retreat,  the  retrograde  motion  muat  exceed  the  direct 
motion,  and  the  result  in  the  whole  must  be  a  retrograde  movement  of  the 
oodee* 

When  the  tendency  of  the  force  MK  is  to  bend  the  moon's  path  towards 
the  ecliptic,  if  the  moon  is  then  moving  from  the  node  to  the  90^  from  it, 
the  incKoatioD  of  tbe  orbit  will  be  diminished  ;  but  if  ahe  ia  moving  from 
the  90°  to  the  node,  tbe  inclination  will  be  increased.  On  the  contrary, 
when  the  tendency  of  the  disturbing  force  is  to  bend  the  path  from  the 
ecliptic,  the  inclination  of  the  orbit  will  be  increaaed  when  the  moon  is 
moving  in  the  first  90^  from  the  node,  and  will  be  diminiahed  when  she  is 
moving  from  90°  to  the  node*  Hence  when  NN'  is  the  line  of  the  nodes, 
if  the  moon  set  out  from  the  quadrature  in  EA,  the  inclination  of  tha 
orbit  will  be  continually  diminished  till  ahe  is  90°  past  the  node  N ;  and 
will  then  be  increased  till  she  arrives  at  the  quadrature  in  EB  ;  from  thence 
to  the  90°  past  the  node  in  EN',  the  inclination  will  be  again  diminished, 
and  will  then  be  increaaed  till  she  again  arrives  at  the  quadrature  in  EA* 
The  diminution  will  therefore  be  greater  than  the  increase.  But  when 
mif  is  the  line  of  the  nodes,  if  the  moon  set  out  from  the  quadrature  in 
EA,  the  inclination  will  only  be  diminished  till  she  arrives  at  the  90°  from 
tbe  node  in  En',  and  will  be  increased  from  thence  to  the  quadrature  in 
EB ;  it  will  then  be  diminished,  till  ahe  is  90°  from  the  node  in  En,  and 
will  be  increaaed  from  thence  till  she  returns  to  the  quadrature  in  EA. 
The  incivaae  will  therefore  exceed  the  diminution*  Thua  in  some  synodic 
revolutions  of  the  moon  the  inclination  of  the  yrbit  is  diminished,  and  in 
others  it  is  increased  aa  much*  The  result  is  a  mean  inclination  which 
does  not  change. 
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43.  Disturbances  in  tke  motions  of  the  etftk  and  planets 
are  necessary  effects  of  the  actions  of  these  bodies  on  one 
another ;  but  it  is  not  designed  to  take  any  other  notice  of 
them  here,  than  to  mention  one  important  fact. 

44.  Lagrange  and  Laplace  have  proved  that  no  terms, 
except  those  which  alternately  increase  and  diminish,  can 
enter  into  the  expressions  for  the  disturbances  of  the 
planets.  This  proves  that  the  planetary  system  is  sCable; 
that  it  does  not  involve  any  principle  of  destruction  in 
itself,  but  is  calculated  to  endure  for  ever,  unless  the  action 
of  an  external  power  is  introduced. 

PIOUKE  OP  THE  EARTH. 

45.  It  has  already  been  inferred  from  measurements, 
(4.8),  that  the  figure  of  the  earth  is  an  oblate  spheroid,  of 
which  the  greater  axis,  that  is,  the  diameter  of  the  equa- 
tor, is  to  the  less,  the  axis  of  revolution,  as  300  to  299. 

46.  Since  the  earth  revolves  on  its  axis,  it  is  evident 
that  its  parts  are  all  under  the  influence  of  a  centrifugal 
force,  varying  with  their  distances  from  that  axis,  and  that 
if  the  whole  were  a  fluid  mass,  the  columns  towards  ^  the 
equator,  being  composed  of  parts  that,  having  a  greater 
centrifugal  force,  tend  more  to  recede  from  the  axis,  must 
extend  in  length,  in  order  to  balance  the  columns  in  the 
direction  of  the  axis.  By  this  means  an  oblateness  or 
elevation  at  the  equator  would  be  produced,  similar,  ia 
some  degree  at  least,  to  that  which  the  earth  has  heea 
found  to  possess. 

47.  A  homogeneous  fluid  of  the  same  mean  density 
with  the  earth,  and  revolving  on  its  axis  in  the  same  time 
that  the  earth  does,  would  be  in  equilibrium,  if  it  had  the 
figure  of  an  oblate  spheroid,  of  which  the  axis  was  to  ihm 
equatorial  diameter  as  229  to  230. 

48.  If  the  fluid  mass,  supposed  to  revolve  on  its  axis, 
be  not  homogeneous,  but  be  composed  of  strata  that 
increase  in  density  towards  the  centre ;  the  solid  of  equili^ 
brium  will  still  be  an  elliptic  spheroid,  but  of  less  ob)ate«- 
ness  than  if  it  were  homogeneous. 
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49.  Heme,  ag  the  elltpticity  of  the  earth  t^  lees  than  ^^ 
being  about  ^,  it  ie  evident,  that  if  the  earth  is  a  spheroid 
of  eqoiitbrium,  it  id  denser  towards  the  interior. 

50.  The  greater  density  of  the  earth  towards  the  centre 
baa  been  proved  by  very  accurate  observations  made  on 
die  sides  of  the  mountain  Schehallien,  in  Scotland,  by  Dn 
Maskelyne.  From  the  effect  of  the  mountain  in  changing 
the  direction  of  a  plumb  line  suspended  near  it,  and  from 
the  known  figure  and  bulk  of  the  mountain  determined  by 
a  survey,  it  was  found  that  the  mean  density  of  the  moun- 
tain was  to  the  mean  density  of  the  earth  nearly  as  5  to  9. 

5L  The  inequalities  on  the  surface  of  the  earth,  and 
the  unequal  distribution  of  the  rocks  which  compose  it, 
with  respect  to  density,  must  produce  great  local  irregu* 
iarities  in  the  direction  of  the  plumb  line,  and  are  probably 
in  part  the  causes  of  the  inequalities  observed  in  the  mea« 
snrement  of  contiguous  arches  of  the  meridian,  even  when 
die  work  has  been  conducted  with  the  greatest  skill  and 
accuracy. 

52.  From  accurate  observations  of  the  lengths  of  pendu- 
hims  osoillating  seconds  at  places  in  different  latitudes,  the 
relative -force  of  gravity  at  the  places  may  be  determined, 
and  from  thence  the  ellipticity  of  the  earth. 

PRECESSION  OF  TlBE  EftVINOXES  AND  NUTATION  OF  THE  EARTh'b 

AXIS. 

53.  The  physical  investigation  of  the  precession  of  the 
equincnesiis  a  subject  of  considerable  difficulty.  It  must 
soffiee  here,  jast  to  state  that  the  precession  is  .produced 
by  the  actions  of  the  iMin  and  moon  on  those  parts  of  the 
earth  which  are  on  the  outside  of  a  sphere,  conceived  to 
b«  desoribed  about  the  earth's  axis. 

54.  The  sun's  action  produces  a  retrograde  movement 
of  the  equinoctial  pmnts,  which  is  nearly,  but  not  quite 
uniform.  This  movement  may  be  separatod  into  two 
puts ;  ione,  a  continued  mean  precession  of  the  equinoxes ; 
the  other,  sib  inequality  in  the  precession  called  the  Solar 
AuArfaoo  in  praceesion.    The  inequality  in  the  sun's  action 
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occasions  a  veiy  small  change  in  the  obliquity  of  the 
ecliptic,  called  the  Solar  JVu'aHon  in  the  obliquity. 
-  55,  The  moon^s  action  produces  effects  similar  to  .those 
produced  by  the  sun^  but  greater  in  degree.  One  effect 
is  a  mean  precession  of  the  equinoxes,  which,  combined 
with  the  mean  precession  produced  by  the  sun,  forms  tho 
whole  Mean  Precession  of  the  EAjuinoxee*  Another  effect  is 
an  inequality  in  the  precession  called  the  Lunar  JVutatiaoy 
and  sometimes,  the  EquaHou  of  the  Equinoxee. 

SECULAR  VARIATION  OF  THE  OBLiaUITY  OF  THE  ECLIPTIC. 

56*  The  orbits  of  the  planets  not  coinciding  with  the 
plane  of  the  ecliptic,  their  actions  on  the  ^arth  tend  to 
make  it  quit  that  plane.  The  effect  is,  a  small  variation 
in  the  position  of  the  plane  of  the  ecliptia  From  these 
causes,  the  obliquity  of  the  ecliptic  has  been,  and  still  con* 
tinues  to  be,  diminished.  The  diminution  at  the  present 
period  is  about  52''  in  a  century,  (n  process  of  time  the 
same  causes  must  produce  an  increase  in  the  obliquity. 

57.  The  secular  variation  of  the  obliquity  of  the  ecliptic 
was  less  in  former  ages  than  it  is  at  present  It  has  now 
acquired  nearly  its  greatest  value,  and  will  begin  to  de- 
crease about  the  23d  century  of  our  era.  Lagrange  has 
shown  that  the  total  diminution  in  the  obliquity,  reckoning 
from  that  in  1700,  must  be  less  than  5""  23'. 

DIURNAL  ROTATION. 

58.  It  is  proved  by  minute  investigation  that  the  actions 
of  the  sun  and  moon,  combined  with  the  change  in  the 
position  of  the  ecliptic,  must  produce  changes  in  the  dura* 
tion  of  a  revolution  of  the  earth  on  its  axis,  that  is,  in  the 
length  of  the  day.  But  the  same  investigation  also  proves 
that  those  changes  are  so  indefinitely  small,  that,  being 
periodical,  they  can  never  become  sensible,  ev^i  to  the 
nicest  observation. 

59.  When,  from  the  washing  of  rains,  or  from  other 
causes,  any  matter  is  made  to  descend  from  the  higher 
parts  of  mountains  to  a  position  that  is  nearer  the  earth's 
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axis,  its  velocity  will  be  dimioished,  and  the  velpcity  lost 
being  communicated  to  the  mass  must  tend  to  accelerate 
the  diuroal  motion.  But  no  changes  known  to  us,  in  the 
position  of  tbe  matter  of  the  earth,  can  ever  produce  any 
sensible  alteration  in  the  earth's  rotation  on  its  axis. 

60^  Tfayp  cooclusion  drawn  from  a  full  examination  of 
the  subject  is,  that  the  duration  of  the  earth's  rotation  may 
be  regarded  as  perfectly  unchangeable. 

OF  THE  TIDES. 

61.  The  alternate  rise  and  fall  of  the  surface  of  the 
ocean,  twice  in  the  course  of  a  lunar  day,  or  of  24  h.  50  m . 
49  sec.  of  vmnn  solar  time,  is  the  phenomenon  known  by 
tbe  name  of  the  Tide^.  The  rise  of  the  water  is  called  the 
flowing  of  the  tide,  and  the  fall  is  called  the  ebbing. 

62.  The  time  from  one  high  water  to  the  next  is,  at  a 
mem^  ISSh,  25  m.  24  sec.  The  instant  of  low  water  is 
nearly,  but  not  exactly,  in  the  middle  of  this  interval ;  the 
tide,  in  general,  taking  nine  or  ten  minutes  more  in  ebbing 
than  in  flowing. 

63.  The  time  of  high  water  is  principally  regulated  by 
th#  position  of  the  moon,  and  in  general^  in  the  open  sea, 
is  from  two  to  three  hours  after  that  body  has  passed  the 
iperidian,  either  above  or  below  the  horizon.  But  on  the 
iifaores  of  the  Ifarger  continent*,  and  where  there  are  shal- 
lows and  o^tructions  to  th^  o^otion  of  the  water,  the 
interval  between  the  time  of  the  moon's  passage  of  the 
meridian  and  the  time  of  high  water  is  very  difi^rent  at 
different  places.  The  difference  is  so  great,  that  at  many 
ipkbces  the  time  of  high  water  seems  to  precede  the  moon's 
passage. 

For  any  given  place,  the  time  of  high  water  is  always 
Mtvly  at  cbe  same  distance  from  that  of  the  moon's  pass- 
•^  over  tbe  meridwa- 

64.  TJiottgh  the  tittle  seem  to  be  chiefly  regulated  by 
(the  MOon,  they  appear  also,  ia  some  degree,  to  be  under 
liie  infloeBce  of  the  sun.  Thus,  at  the  syzigies,  when  the 
au^a  aod  moon  are  on  the  meridiajQ  together,  supposing 
othar  cinciioisjtanees  to  be  the  same,  the  tideis  are  the 

28 
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highest ;  at  the  quadratures,  when  the  sun  and  moon  are 
90^  distant,  the  tides  are  the  least 

65.  The  tides  about  the  time  of  the  syzigies  are  called 
the  Spring  Tides;  and  those  about  the  time  of  the  quadra- 
tures, are  called  the  JVeap  Tides. 

66.  The  highest  of  the  spring  tides  or  the  lowest  of  the 
neap  tides,  is  not  the  tide  that  has  place  nearest  the  syzigy 
or  quadrature,  but  is  in  general  the  third,  and  in  some 
cases  the  fourth  following  tide. 

At  Brest,  in  France,  the  tides  of  the  syzigies  rise  to  the 
height  of  19.317  feet,  and  those  of  the  quadratures  only  to 
9.151  feet;  which  is  not  quite  half  the  former  quantity. 
In  the  Pacific  Ocean,  the  rise  in  the  first  case  is  5  feet, 
and  in  the  second,  between  2  and  2.5  feet. 

67.  The  height  of  the  tide  changes  with  a  change  in 
the  moon^s  distance  from  the  earth.  Other  circumstances 
being  the  same,  the  tide  is  highest  when  the  moon  is  in 
perigee,  and  the  lowest  when  she  is  in  apogee. 

The  tides  also  depend  on  the  sun's  distance  from  the 
earth,  but  in  a  less  degree  than  on  that  of  the  moon.  In 
our  winter  the  spring  tides  are  greater  than  in  the  suDamer, 
and  the  neap  tides  smaller. 

68.  The  tides  depend,  to  some  extent,  on  the  positions 
of  the  sun  and  moon  with  respect  to  the  equator.  When 
the  moon  is  in  the  northern  signs,  the  tide  of  the  day,  in 
all  the  northern  latitudes,  is  somewhat  greater  than  that 
of  the  night.  The  contrary  has  place  when  the  moon  is 
in  the  southern  signs. 

69.  If  the  tides  be  considered  relatively  to  the  whole 
earth,  and  to  the  open  sea,  there  is  a  meridian,  about  SO^ 
eastward  of  the  moon,  where  it  is  always  high  water,  both 
in  the  hemisphere  where  the  moon  is,  and  in  the  opposite 
one.  On  the  west  side  of  this  meridian  the  tide  is  flowingy 
on  the  east  it  is  ebbing;  and  oit'the  meridian  at  right 
angles  to  the  same  it  is  low  water.  In  consequence  of 
the  earth's  diurnal  rotation,  these  meridians  more  west- 
ward ;  but  they  preserve  nearly  the  same  distance  firom 
the  moon,  only  approaching  a  little  nearer  to  Jier  at  the 
syzigies,  and  going  fisirther  oflTat  the  quadratures. 
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The  great  iraot  whicb^  in  this  manner,  constitutes  the 
tide,  is  an  undulation  in  the  waters  of  the  ocean,  in  which 
there  is  very  Httle  progressive  motion,  except  when  it 
passes  over  shallows,  or  approaches  the  shores. 

70.  The  facts  which  have  been  enumerated  clearly 
indicate  that  the  tides  arc  produced  by  the  actions  of  the 
sun  and  moon ;  but  in  a  greater  degree  by  that  of  the  moon. 

It  has  been  shown  (35)  that  the  sun^s  action  increases  or  diminishes 
the  moon's  gravity  to  the  earth,  according  to  her  position  with  respect  to 
the  line  of  the  syzigietf,  or  of  the  quadratures.  In  like  manner,  the  sun's 
action  increases  or  diminishes  the  gravity  of  a  particle  of  matter  at  the 
earth's  sorfacOt  accorcting  to  its  position  with  respect  to  a  plane  passing 
through  the  centre  of  the  earth,  at  right  angles  to  the  line  joining  the 
centres  of  the  earth  and  sun.  Within  about  85^  of  this  plane  on  each 
side,  the  gravity  at  the  surface  is  increased ;  and  at  the  remaining  parts, 
that  is  for  about  66^  around  the  points  in  which  the  tine  of  the  centres 
intersects  the  surface,  the  gravity  is  diminished. 

Now  as  the  particles  of  water  easily  yield  to  any  impression,  the  surface 
of  the  ocean  will,  in  consequence  of  the  change  in  the  gravity  of  its  differ- 
ent parts,  assume  a  figure  different  from  that  which  it  would  otherwise 
have.  Around  the  points  in  which  the  line  of  the  centres  intersects  the 
suHace,  the  gravity  being  diminished,  the  surface  will  be  at  a  greater  dis- 
tance from  the  centre ;  and  in  the  middle  parts  between  these  points,  the 
gravity  being  increased,  the  surface  will  be  nearer  the  centre.  In  conse- 
quenoe  of  the  earth's  diurnal  rotation,  it  will  successively  be  different  parts 
of  the  surface  that  will  thus  have  the  distance  from  the  centre  increased 
and  diminished.  From  what  has  been  said  it  is  easy  to  perceive  that  so 
far  as  it  depends  on  the  sun's  action,  it  is  high  water  at  the  same  time  in 
opposite  parts  of  the  earth ;  and  that  the  consecutive  high  waters  must 
follow  each  other  at  intervals  of  half  a  solar  day. 

It  is  evident  thf$  moon's  attraction  must  produce  effects  exactly  similar 
to  those  produced  by  the  sun,  and  succeeding  one  another  at  intervals  of 
half  a  lunar  day. 

To  show  that  these  effects  will  be  greater  in  degree,  put  m  and  rn!  for 
the  masses  of  the  son  and  moon  respectively,  and  a  and  r  for  their  distances 
from  the  earth,  expressed  in  semidiametera  of  the  earth.    Then  taking 

—^  to  represent  the  sun's  attraction  on  a  particle  of  matter  at  the  earth's 

centre,  .  .^  will  be  the  attraction  on  a  particle  at  the  point  in  the 

surface  nearest  the  sun,  ~  the  moon's  attraction  on  a  particle  at  the  cen- 
tre,  and  .  >,,  its  attraction  on  a  particle  in  the  sur&ce  nearest  the 
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moon.    Hence  the  difference  between  the  tun's  attraetion  on  a  particle 
at  the  centre  and  on  one  at  the  nearest  point  in  the  surface  will  be, 
m  m  2  a  —  1  im 

Also  the  difference  between  the  moon's  attraction  on  a  particle  at  the 
centre  and  on  one  at  the  nearest  point  in  the  surface  will  be, 
m'  ^'       ^      2  r —  1      _  2m' 

Taking  the  values  of  m,  m,  a,  and  r,  the  value  of  the  latter  expression 
will  be  found  to  be  nearly  three  times  that  of  the  former. 

A  similar  result  would  be  obtained  for  the  relative  effects  of  the  atlrac- 
tions  of  the  sun  and  moon  on  a  particle  in  any  other  part  of  the  surface. 

71.  At  the  time  of  the  syzigies  the  actions  of  the  sun 
and  moon  are  combined  in  producing  the  tides ;  but  at  the 
qaadratures  they  act  in  opposition  to  each  other.  The 
result  is,  much  greater  tides  at  the  syzigies  than  at  the 
quadratures.  Observations  have  made  known  that  the 
former  are  to  the  latter,  nearly  as  2  to  1^  Consequently 
the  effect  of  the  moon^s  action  must  be  to  that  of  the  sun, 
nearly  as  3  to  I,  as  found  above. 

72.  The  relative  effects  of  the  actions  of  the  sun  and 
moon  in  producing  the  tides,  must  depend  on  their  dis- 
tances and  masses ;  and  as  their  distances  and  relative 
effects  are  known,  their  relative  masses  may  from  thence 
be  determined. 

73.  Great  extent  is  necessary,  in  order  that  the  sea 
should  be  sensibly  affected  by  the  actions  of  the  sun  and 
moon ;  for  it  is  only  by  the  inequality  of  that  action,  on 
different  parts  of  the  mass  of  waters,  that  their  equilibrium 
is  disturbed;  and  this  inequaltity  cannot  sensibly  have 
place,  unless  a  great  extent  of  water  is  included.  Hence  in 
lakes  and  small  inland  seas,  there  are  no  perceptible  tides. 

74.  The  tides  which  are  experienced  in  narrow  seas, 
and  on  shores  far  from  the  main  body  of  the  ocean,  are 
not  produced  in  those  seas  by  the  direct  actions  of  the 
sun  and  moon,  but  are  waves  propagatdd  by  the  great 
diurnal  undulation.  In  some  bays  and  narrow  seas,  the 
accumulated  tide  thus  becomes  very  great.  At  certain 
places  in  the  Bay  of  Fundy  the  tide  rises  to  the  height  of 
60  or  70  feet 
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CONTAINING  TRIGONOMETRICAL  FORMULAE. TWO  PROPOSITIONS 

IN  CONIC  SECTIONS. ANALYTICAL  FORMULA  FOR  ECLIPSES. 

Many  of  the  Trigonometrical  forinu)e«  included  in  the  following  collec- 
tion* are  used  in  the  present  work.  They  are  introduced  here  and  num- 
bered in  order  to  facilitate  the  references.  Their  demonstrations  may  be 
seen  in  any  complete  treatise  on  Trigonometry.  Nearly  all  of  them  are 
contained  and  demonstrated  in  a  good  work  on  the  subject  by  Lacroiz, 
which  has  been  translated  and  published  at  Cambridge,  New  England. 
Those  which  are  not  contained  in  that  work,  are  easily  deduced  fiom 
others  that  are. 

For  a  single  arc  or  angle  a,  the  radius  being  =  1. 

1.  sin  *  a  +  cos  *  a  »  1  7.  sin  a  «  2  sin  |  a  cos  i  a 

2.  sin  a  s  tan  a  cos  a  8.  cos  a^  1  —  2sin*^a 
tan  a                             9.  cos  a  a  2cod^  1  a —  1 


3.  sin  a  -- 


co6a  = 


sma 


•  I  +  tan-a  10.  tan  J  a  . 

^/l+tT^  11.  coll  fl.         """* 


1  +  cos  a 


sin  a 


1  —cos  a 


tab  a  *■  *■   ■  ■  I  —  cos  a 

cosa  12.  tan"iaH** 


1         costf  1  +  cosa 

6.  cot  a  a  :^ «-: —    ' 

tan  a      sin  a 

For  two  arcs  a  and  5,  of  which  a  is  supposed  to  be  the  greater. 

13.  sin  (a  di  ^)  "^  ^^^  a  cos  5  J:  cos  a  sin  h 

14.  cos  (a  db  ^)  ^  ^^  a  cos  5  +  sin  a  sin  b 

tan  a  4-  tan  & 

16.  tan  (a  4-  ft)  «  ,  ^  ,  —  , j; 

^    —  ^       1-1- tan  a  tan  0 

19.  sin  a  cos  ft  =»  i  sin  (a  +  6)  +  i  sin  (a  —  ft) 

17.  cos  a  sin  ft  s  ^  sin  (tf  +  ft)  —  i  sin  (a  —  ft) 

18.  sin  iiaiBftaico3(a  —  ft)  —  i  cos  (a  +  ft) 

19.  cos  a  cos  ft  a*  1  cos  (a — ft)  +  i  cos  (a  +  ft) 

20.  sin  a  +  sin  ft  Bs  2  sin  i  (a  +  ft)  cos  J  (a  —ft) 

21.  sinii  —  sin  ft  =  2  cos  i  (a  +  ft)  sin  i  (a  —  ft) 

22.  cos  ft  4-  cos  a  a  2  cos  1  (a  +  ft)  cos  i  (a —  ft) 

23.  cos  ft-^cos  a  a  2  sin  i  (a  +  ft)  sin  i  (a  —  ft) 

24.  tan  a  +  tan  ft  a ^ £ 

eoi  «  cos  ft 
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/*p.     .  .        I        8in  (a  —  b) 

26.  tana  — tan  h^ — ^^ i 

cos  a  cos  6 

*    .  8«n  (a  +  h) 

26.  cot  6  +  cot  a  BB    .        :    [ 

Bin  asm  o 


27.  cot  b  —  cot  a  ! 


sin  (a  —  b) 
sin  a  sin  6 

^«    .      1  /     .   r\       sin  a  +  sin  6 

28.  tan  i  (a  +  5)  » ; • 

^  ^       cos  a  -h  cos  0 

«*^    .      1  /         IV       "0  « —  sin  ft 

29.  tan  1  (a  —  ft)  « ; ; 

^  '       cos  a  +  cos  ft 

.  1  /     .   rv      5'"  ^  —  sin  ft 

30.  cot  i  (a  +  ft)  » r 

^  '      cos  ft  —  cos  a 

,  ,         .V       sin  a+  sin  ft 

31.  cot  i(a  — ft)«i ^r 

^  ^       cos  ft — cos  a 

sin  a  +  sin  ft 


32. 


tan  i{a+b) 

tan  J  (a  —  ft)  ""  sin  a  —  sin  ft 


For  a  Spherical  Triangle,  in  which  A,  H,  and  C,  are  the  angles,  and  a^ 
bf  and  c,  the  opposite  aides,  as  in  Fig*  53. 

33.  sin  A  sin  ft  =  sin  B  sin  a 

34.  cos  a  =  cos  A  sin  ft  sin  e  +  cos  ft  cos  c 

35.  COB  A  =  cos  a  sin  B  sin  G  —  cos  B  cos  C 
cot  A  sin  B  +  cos  B  cos  e 


36f  cot  a 
37.  cot  A 


sin  e 

cot  a  sin  ft —  cos  G  cos  ft 

sin  G 


Sin  ft  sin  c 

4J.  lui  (B-A)  =  w|c'!°*itT°? 

^  ^  Sin  i  (ft  +  a) 

43     .  ^  'ami  (6  — a) 

cotJC-tanHB  +  A)?2L|lJ_±i!) 
^  '  008  i  (o  —  a) 

.     1.         .1/1        .«ni_(B+A) 

**°^^"*"  >(*-') Bioi(B-A) 

44.   s  ^»-jg  1  /"B  4-  A^ 

*«°  *^- *"*(>  +  ") cos^(B-A) 
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For  a  right  aogled  spherical  triangle  in  which  G  is  the  right  aDgle»  and 
the  opposite  side  c,  the  hypothenuse^  as  in  Fig,  54. 

45.  cos  c  »  cos  a  cos  6  48.  tan  a  =  nn  6  tan  A 

46.  cos  c  »  cot  A  cot  B  49.  tan  a  »  cos  B  tan  c 

47.  sin  a  ^  sin  o  sin  A  60.  cos  A  im  sin  B  cos  a 

51.  ijf  ADBL  Fig.  55,  he  an  ElUpte,  AB  the  tratuvem  axU^  E  €md 
F  tkefody  C  th$  centre^  and  D  apoini  in  the  curves  tken^ 

ED-        AC.-EC. 


AC  — BGcosAJBD' 
Let  DH  be  perpendicular  to  AB.     Then, 
ED»  =  DH»  +  EH»  —  DH»  +  (EC  +  CH)» 

—  DH«  +  EC»  +  2  EC  X  CH  +  CH*, 
and  FD«  —  DH»  +  FH»  —  DH*  +  (EC  —  CH)» 

—  DH»  +  EC»—  2EC  X  CH  +  CH». 
Hence  by  sobtractioo, 

ED»— FD*  -•  4EC  X  CH. 
But  ED*  — FD*  »  (ED  +  FD)  x  (ED  —  FB) 

-2ACx(ED— FD). 
Therefore, 

SAC  x  (ED—  FD)  «-  4 EC  X  CH, 

Or,  ED -FD- ^55^^. 

BotED  +  FD-SAC. 
Hence  bj  addition, 

2EC  X  CH 


2ED-2AG  + 


AC 


ED-AC  +  5^^  (A) 

ED  X  AC  =  AC*  +  EC  X  CH 

-AO'  +  ECx(EH— EC) 

—  AC*  +  S|bx  (EDcosAED  — EC) 

—  AC*  +  EC  X  ED  COS  AED  — EC*, 

EDX  AC  — EDxECcobAED  — AC*  — EC!  « 

ED  X  (AC  —  EC  co«  AED)  —  AC»  —  EC* 
AC*— EC* 


ED  — 


AC  — ECcoaABD 


62.  y  tit  circle  AGBM,  FHg.  66,  he  deecribed  tAotU  AB,  <w  a  dkuM- 
ter,  and  -HG  he  produced  to  meet  it  in  G,  then. 


ED  —  AC  —  EC  coe  BCO. 
nom  the  preceding  demonetration,  we  hare    (A), 
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ECxCH 


ED  «  AC  + 

•    -AC  + 
«AC  + 


AC 
EC  X  CG  cos  ACG 

AC 
EC  X  AC  cos  ACG 


AC 

«n  AC  +  EC  CO0  ACG 
=  AC-^ECcp8BCG. 

INVESTIGATION  OF  FORMULiE  FOR  COMPUTINQ  ECUPSES    OF  THE 

SUN,  OCCULTATIONS  AND  TRANSITS. 

I 

63*  Let  O,  FHg,  60,  be  the  centre  of  the  earth  ;  A,  a  given  place  on  its 
surface ;  S  and  M,  the  centres  of  the  sun  and  moon  ;  X»  M',  and  Z',  the 
points  iu  which  straight  lines  from  O,  through  S,  M>  find  A,  meet  the 
celestial  sphere ;  EQ»  the  equator  ;  E,  the  verna)  equinox  ;  P*  the  north 
pole  of  the  equator,  and  PB,  PC,  and  PD,  declination  circles,  passing 
through  X,  M'  and  Z'.  Also,  let  BY  and  XZ  be  each  a  quadrant.  Then, 
since  BY  is  a  quadrant,  Y  is  the  pole  of  ZB ;  and  consequently  OY  is 
perpendicular  to  OX  and  OZ.  And  since  XZ  is  a  quadrant,  OZ  is  per- 
pendicular to  OX.  Hence  OX,  OY  and  OZ  form  a  system  of  rectangu- 
lar axes,  having  their  origin  in  O. 
54.  Put  A  a  EC  as  right  aseensioD  of  tfae  mpon 
A'aiEBsB    "  "  sun 

^  a  ED  a    *^  **  zenith,  or  sidereal  time' 

D  sa  CM'  as  Declination  of  moon 
D'  =  BX  —  *«  sun 

f  a  Geographic  latitude  of  place, 

f'  =  DZ  a  declin.  of  geeeent.  zenith,  or  raduced  lat.  of  place 
w  a  Equatorial  horizontftl  parallaz  of  moon 
w  »        *'  ^*  **  ana 

d  =  Horizontal  semidiameter  of  moon 
if—        '*  «  sun 

i  =  Augmented  semidiameter  of  moon 
*****  **  sun 

r  a  OMl      The  distances  of  the  centres  of  the  moon  and 
#  r'  ss  06  2  sun,  and  o(  tlie  place  A,  from  the  earih^e  centre, 

<  «  OA  }  the  equatorial  radius  of  the  earth  bejng  ««  1 
S  a  Angle  SAM  :«  Apparent  distance  of  the  centres  of  the 
sun  and  mooa. 
Also  put,    a  a  cos  M'OX  •  «  cos  Z'OX 

b  m  eos  M'OY  ff  ^  cos  Z'OY 

€^coE  M'OZ  y  m  eos  Z'O^. 

Then  (Analytical  Geometry), 

o«  +  *«  +  c--l,        a*  +  e^  +  y*=l}  ,,. 

•«  +  */9  +  <>y-coBM'OZ'  I  ;     ('> 
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65.  Id  the  Bpberical  triangle  XFM'»  we  baye, 

cos  M'X  »  eo9  XPM'  sin  PX  ein  PM'  +  eoe  PX  cos  PM' 
or,  a  SB  COB  (A—  A')  cos  D  cos  IV  +  sin  Dtio  If. 

The  right  ascensions  of  Y  and  Z  are  A'  +  90^  and  A'  +  180,  respec- 
tively, and  their  declinations  are  0^  and  90^  -^  D'.  If,  therefore,  instead 
of  A'  and  'If^  in  the  expression  for  a,  we  substitute  sQccessifeljr  tbesv 
right  ascensions  and  declinations,  we  shall  obtain  expressions  for  b  and  c. 
We  shall  thus  have, 

a  a  COS  (A  —  A')  cos  D  cos  ly  H-  sin  D  sin  ly     ) 

ft«sb(A  — A')cosD  \       .        .     (2) 

€  =  — ,co8  (A —  A')  cos  D  sin  ly  +  sb  D  cos  IT) 

In  bke  oMnner  we  have, 

m^coB(jt  —  A')  cos  p'  cos  D'  +  sin  ^^  sin  D'     ) 

«— sinO*  — A')cos«>'  J       .        .     (3) 

y  n  —  cos  (/»  —  A'}  COS  p'  sin  D'  +  bid  p'  cos  D' ) 

56.  Referring  S,  M  and  A,  to  the  rectangular  axes  OX,  OY  and  OZ, 
the  co-ordinates  of  S,  are    /,    0,    0 
"  of  M,  *•      avy    hr,  cr 

«  of  A,  "       ae»    ^i^  n- 

Hence,  if  the  equations  of  the  straight  line  AM,  joining  A  and  M,  be 

we  shall  have, 

hr — 00       b — e/^sinv 

p  as    i  ctt  1 : 

or  —  ^a       a-— ^asinv 

CI*— ^       c  — gysinw 

or  —  ^«      a  —  ^»  sin  IT* 

Also,  if  ibe  equaikms  of  the  sirai^t  line  AS,  joining  A  and  S,  be, 

y^p'x  +  F 


^q'x  +  rl  .       .       .       .       W 


r'  —  g«       1  — -  ;«  sin  w* 
And  from  the  equations  of  the  lines^AM  and  AS,  we  have, 

tan  r  -  ^^P-^rf(^-p^MirJ3l  (6) 

57.  This  expression  for  the  tangent  of  the  apparent  distance  of  the 
centres  is  rigidly  accurate,  but  the  calculation  from  it  would  be  very 
tedious.  When,  however,  the  distance  is  small,  as  is  always  the  case  in 
eclipses  of  the  sun,  it  may  be  reduced  without  any  practical  dumnolion  of 
its  accuracy. 
29 
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Put  tan  <r  -  •  (P—  ?')•  +  («  —  «^*        -        -        •    C) 
tonjoo.*'-^"~P'^~^'-^^~^?  .        -        (8) 

tanZ-^/i^'  +  sr* W 

Tben.iec-.-1  +  tan  *-  [|^.  (p-j/) +  5'.  (5-«')i' 

tan*  g-  tan*/ 

"[p'-(p-|^)  +  «'-(^ --«')?* 

tan  <r  tan/ tan  a-  tan/ 

or,  cos  «  t-  ^  \^^~  * "  -^  .     Conaequently, 
'  taa  ff  tan/ 

Ip'  +  g^  a  cos  «  tan  0-  tan/+  tan*/, 
or,  1  +  iJp'  +  ^^  =»  1  +  cos  «  tan  g-  tan/  +  tan*/. 

^  ™  sec  *  tan  o-  tan/  Ian  r  tan/ 

or,  (pg'  ~j/g)"  —  Bin*  s  tan*  <r  tan*/ 

and  (p—py  +  (g  — g')'  +  (pg'— p'g)»-  tan'r  +  sin*  s  Ian*  ir  Ufi*/- 

-    ^tan'  <r  +  sin*  s  tan*  o-  tan*/ 

Hence  tan  £  »  7-- ^-5— — r-> 

1  +  cos  8  tan  tf-  tan  /+  tan*/ 

tan  <r  ^/  1  +  sin*  *  tan*/ 
1  +  cos  tf  tan  a-  tan/+  tan*  / 
or,  tan  £  (1  +  tan*/)  +  cos  *  tan  2  tan  <r  tan/aa  tan  <r  ^1  +  sin*  #  tan*/ 

tan  X(l  +  tan*/) 


Consequently  tan  0*  a 
Now  tan  {a-  co  x) 


^  1  +  sin*  » tan*/—*  cos  « tan  S  tan/ 
tan  0-co  tan  s 


1  +  tan  o"  tan  T 
Hence,  tan  (ccct)  <  tan  <r  co  tan  £ 

1  +  tan*/ 


/  1  -t-  lan- r  v 

<  tan  X.  (  ,1     ■  '  "^ CO   1 1 

W 1  +  sm*  s  tan*/  —  cos  «  tan  X  tan/        / 

(1  +  tan* /) en  (-v/1  -f  sin*  «  tan*/— cos  «  tan  X  tan / 

<  tan  X.  ^ — ■ =^     ^  ' :: 

v^  1  +  sin*  #  tan*/—  cos  «  tan  X  tan  / 


(cos  9  tan  X  tan/+  1  +  tan*  /)  co  y/  1  +  sin*  <  tan*  / 
^  tan  X*  ■  '  ■ ' 

v/1  +  sin*  *  tan'/ — cos  *  tan  X  tan/ 

Now,  it  is  evident  that  the  fractional  factor  will  have  its  greatest  Taloe, 
when  cos  #  =  1,  and  consequently  sin  «  b  0.     Hence, 

^  I  .^- tan  X  tan/ 
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,      -  tan  s  + ten/ 
^  -^  1  —  tan  i;  Ub/ 

<  tan  £  Ud  (z  +/)  tan/ 
<taii»(i;+/)tan/. 
But  aiBoe  (e^.l)  /?« +  y> »  1  —  »*,  we  have  {eq.9), 

1  —  ^»  8in  »  1  — —  ^«  8in  w 

Consequently  for  the  greatest  value  of  tan/  we  have, 

"     ^  sin  «•' 

tan/« : ;. 

•^        I  —  sin  «r' 

Whence  it  is  easily  found  that/ cannot  exceed  9". 

Therefore,  tan  (<r  en  t)  <  tan*  (x  +  9").  tan  9^. 

or,  crcc  L  <  tan*  (2  +  9").  9".  . 

If  we  take  (s  -f  9")  =  1^,  which  is  greater  than  it  can  ever  be,  at  the 
time  of  an  eclipse  of  the  sun,  we  find  tan'  (£  +  9^).  9" «»  0".0027. 
Hence  at  the  time  of  an  eclipse  the  difference  between  o-  and  £  is  less 
than  0".003.  We  may  therefore  consider  them  equal.  Consequently  we 
have  (eq.  7), 

tan  S  «  v^(p  — l>r  +  («— Y)'  (10) 

68.  From  (66),  we  have, 

^W  em  ^  ""  g^  ^'°  ••    1         t^  "^"^' 

^  a  —  ^  sin  V       1  —  ^»  sin  v 

b /      flin  w ^_ sin  w        \ 

a  —  ^a,  sin  V      ^  '  \a  —  ^»  sin  w       1  — ^  sin  r/ 

b  ^  sin  IT  —  a  SIB  « 

a -^^A sin  «      ^  (a—  ^ sin  »).  ( 1  —  ^a sin w)' 
If  we  pot  A  Bs  angle  M'OX  «  geocentric  distance  of  sun  and  moon's 
centres,  we  have, 

sin  V —a  sin  v  =  sin  V  —  cos  A  «in  «•' 

.  ««  sin  «-  —  sin  ,  +  2sin*  i  A  sin  «• 
Bot,  sin  («  —  «•')  a  sin  V  cos  «'  —  coe  •  sin  w 

asin  ir  —  sin  9r'  +  2  sin'i  vsinv' — 2  sin' i  w^  sin  v. 
or,  sin  v— sin  w  =8in  (w  —  »')  —  2  sin'  i  r  sin  »'  +  2  sin'  i  w  sin  «•. 
Hence,  sin  r  —  a  sin  w  sssin  («• —  w)  +  2  (sin»  i  A  — sin*  i  «•)  sin 
V  +  2  8»'  i  v'  sin  V. 

At  the  time  of  an  eclipse,  A  cannot  exceed  s  +  vs  and  consequently 
most  be  less  than  2*-.  Therefore  by  taking  successively  A  =  0,  and 
A  BB  2«-,  it  is  easily  ascertaiued  that  the  rejection  of  the  last  two  terms  in 
the  above  equation  will  occasion  less  error  than  would  result  from  an 
error  of  0". 004  in  the  value  of  v.    Hence  we  may  consider, 

sin  V  —  a  sin  »'  =  sin  (w  — w')  (1 1) 

«  1  -r  *  ^  wn  («•  — ») 
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— : pB ^^ : — ■•  1 1  +  e«  «n  *  +  f '• — ?l 

b  —  gg  8in  (ir  — -  gp.  (1  +  g»  8in  w)  ^^»*B  gin  (ir  —  y  )  eio*  w' 

a  —  ^a  sin  V  {a-^^ sin  »).  ( I— ^» sin «•')* 

Rejecting  the  last  term,  which  is  evidently  much  less  than  those  already 
rejected,  we  have» 

,       b  —  gg  sin  (y  —  y  ).  (1  +  gg  sin  irQ 

^  a  ^-  (A  sin  V 

In  like  manner, 

g--^  sin  (y  — yQ.  (1  +  e«  sin  r) 
a  — ^  sin  » 
Hence  (eq.  10), 
ton«L  = 

[^— ^g  sin  (rr>-»0  (H-e« sin  yOp+[c  — gy sin  (y  —  y  )  (l+^i sin »7 

(a  —  (A  sin  «•)» 

59.  In  the  triangle  AOM,  we  have, 

AM«  =  0M«  —  2  AO.  OM.  cos  AOM  +  AO« 

^•-,_2AO.^.co,AOM  +  AO..^ 

or,  ^r^. «  1  —  2e  8in  »  cos  AOM  +  *•  sin"  «•  (13) 

am*  9  ^  *  ^     ' 

From  equation  (10),  we  have, 
tan«  5  - (p— !/)«-[- («-9)» 

-p»  +  ^-2  (pp'  +gg')  +  p'«  +  «-« 

OB  p«  +  g»  —  2  (cos  «  Un  <r  tan/+  tan>/)  +  tan"/ 

=  P"  +  g"  —  (2  cos  *  tan  «r  tan/+  tan*/) 

(ft — pBm^Y  +  U  —  ^ysinir)"      .^  ^        .     ^  i  .     .^ 

-B  i 1 — — L — L.^ — ^£ i (2  COS  s  tan  <r  tan/+  ton"/). 

Or,  (a  — e«  8«tt  »)■  tan"  ZHa(6  — eg-sin  »)'  +  (c  — ^  sin  »)"  — 
(2  cos  *  tan  <r  tan/4-  tan"/)  (a —  ^  sin  «•)". 

Put  (2  cos  *  tan  o^  tan  /  +  tan"/),  (a  —  ^a  sin  »)  «=s^. 
Then,  (a  —  ^  sin  »)"  tan"  r  «  (ft  —  ^g  sin  «•)■  +  (c  —  ^  sin  »)•  — j^ 
Adding  (a  —  ^«  sin  ir)*  to  each  side,  we  have, 
(a  —  ^  sin  »)"  sec"  r  a=(o  —  ^a  sin  «-)"  +  (ft  —  ^g  sin  »)"  +  (c  —  ^ 
sin»)"  — ^. 

Developing  the  terms  of  the  second  member  of  the  equation,  and  sub- 
stituting for  a"  +  ft"  +  c",  «•  +  g«  +  y",  and  aa  +  ftg  +  cy,  their  equals, 
(eq.  1),  we  have, 

(a  —  fft  sin  «•)•  sec"  2  «  1  — 2  ^  sin  w  cos  AOM  +  ^"  sin"  r  — ^ 


sin'  d 
"sin"  i~^' 
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^     (a  —  0a.  Bin  »)»  sin*  3        .  ,  ,  .  ^  . 

Or,  i £ -— ^ =  sin»  d — g  sin*  I. 

Rejecting  the  term  g  sin*  i,  which,  as  is  easily  found,  will  not  occasion 
a  greater  error  than  would  result  front  an  error  of  O^.OOI  In  the  moon's 
aemi-diainetert  we  have, 

(g— e>8in,r)«sinM  ^  ^.^,  ^ 

cos*  S 

.    .        sindcos£  ,,,. 

or,  sin  J  = r  —      ...         -     (14) 

a  —  ^»  sin  V 

60.  In  the  triangle  A09,  we  have, 

^  -  1  -  «AO.  1  CO.  AOX  +  AOK-1. 

sin*  d'       ^       ^  ..•■«/ 

or,    .  ,  ^  »  1  —  2  ^«  sin  V  +  p*  sm"  » 
sin*  d 

«  (1  —  ^»  sin  ,r')*  +  e*'  (^  —  •*)  8'"*  »' 
or,  8io>  <r  a  (1  —  f«  sin  »')«  sin«  a'  +  ^«  (1  —  «•)  sin»  i'  sin*  »'. 

Rejecting  the  last  term,  which  is  extreme! j  small,  we  obtain, 

sin  d^  =ss : ;  (15) 

I  —  ^a  sm  V  ' 

61.  Now,  at  the  time  of  the  beginning  or  end  of  the  eclipse,  we  have, 

E  =s  ^  +  i',    or,  J  =  r  —  J'. 
Hence,  sin  i  =  sin  s  coa  ^  —  cos  z  sin  i'. 
Or,  without  sensible  error, 

sin  i  B  sin  X  cosd'  —  cos  £  sin  ^. 

Substituting  for  sin  i  and  sin  I',  their  values  (eq.  14  and  eq.  16),  and 
dividing  by  cos  £  cos  d',  there  results 

tan  d'  sin  d 


1  —  ^a  sin  w      {a  —  ^  sin  w)  cos  if' 

Equating  the  square  of  this  value  of  tan  £  with  the  value  of  tan'  £ 
(eq.  12),  we  have, 

/      Un<r  sin  d  V 

\1  — ^«sin«^      (a  —  ^a  sin  v)  cos  if/ 

^/6  — egsin(r  — r>  (1— g«siny')Y 

\  a  —  ^«  sin  «  / 

4-  (^  —  gy  s"P  («•  —  0>  0  —  g*  B'P  w')^* 
V  a  —  ^a  sin  w  / 

J(a  —  ^9\nw)i9Lnd:  .   sindV"     /,        ^  .    ,  ,x    ,-  -A" 

+  /c  — jy  sin  (»  —  »')•  (•  — f«8in«'^' 
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Bat,  i — —5 —-; =  (a  —  e«  sin  »). 

\        ^  1  — ^asmv;  ^ 

.      ,.         -,      e" •'(""*  —  asfin»)  taiKfrnn  «^ 

(sin  «•  —  a  sin  »')  tan  a'  —  ^ ^ r-^-^ . 

^  ^  1  —  ^a  Bill  «•' 

Rejecting  the  last  term,  which  is  very  small,  and  substituting  sin  (v  *— 
w)  for  (sin  w —  a  sin  »  ),  (1 1),  we  have, 

(a  —  e»  si'*  «•)  tan  d'         ^       «  .    /  '\  *     j* 

i 5 r^— ; —  es  a  tan  d  —  ««  sm  (w  —  »  )  tan  <f , 

1  —  ^  sin  «r  '         ^ 

Hence, 

(a tanif  —  ^a sin  («r —  r ) tanif  +  - — ^r) 

■■(*""  <^  sin  (r  —  »  )•  (*  —  f«  sin  w')) 

+  ((c  —  Cr  B'D  (»  —  «').  (»  —  €•  «n  tO)*  (16) 

62.  As  no  quantity  has  been  rejected  that  can  produce  an  error,  so 
great  as  would  result  from  an  error  of  0'^004  in  the  places,  parallaxes  or 
semidiameters  of  the  sun  or  moon,  the  formula  just  obtained,  may  be 
regarded  in  practice  as  rigidly  accurate. 

It  may  indeed  be  further  reduced,  and  still  have  the  requisite  practical 
precision.  A  little  examination  will  show,  that  if  the  term  ^  sin  w  in 
the  factor  (1  +  e'*  ®'*^  *"')  ^  rejected,  and  if  cos  (A  —  A')  cos  (D— -  D'), 
be  substituted  for  a,  the  resulting  error  will  be  within  the  limit  of  ^  of  a 
second  in  arc.     We  shall  thus  have, 

(cos  (A  — A)  cos  (P  —  Jy)  tan  <r  —  f»  sin  («■  —  «•')  tan  d'  +  ^^Y 

—  f  6  —  fiS  sin  (♦  —  ir')l    +(c^^  sin  (w  —  w')) 

Or, 
/cos  (A  —  A)  cos  (D  —  D')  tan  cf  ^      j,  .  sin  d  \» 

I ^ rS ^ Tv ' |«  Un  <r  +    ^     .     V yA 

\  Sin  (»  —  »  )  *  cos  <f  sm  (v  —  w)f 

63.  In  order  to  observe  accurately  the  time  of  the  beginning  of  an 
eclipse  it  is  necessary  to  know  the  part  of  the  sun's  disc  at  which  the 
contact  take  place.  This  point  is  usually  designated  by  the  angular  dis- 
tance, either  from  the  highest  or  vertical  point  of  the  disc,  or  from  the 
most  northerly  point. 

Considering  S  and  M  as  the  places  of  the  sun  and  moon,  at  the  com* 
mencement  of  the  eclipse,  the  angle  which  the  plane  ASM  makes  with 
tbe  geocentric  vertical  plane  Z'OS,  passing  through  the  sun's  centre,  will 
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mdentiy  espMW  Ite  diaUo^e  of  the  pwoi  oi  Qootod,  from  Uw  bob's  g«o* 
eentric  vertex. 

Lei  OG  and  OH  be  drawn,  respectively  parallel  to  AS  and  AM. 

TlieD  the  angle  made  by  the  plane  OGH  with  the  vertical  plane  Z'OS, 
or  which  is  the  same  Z'OG,  wiU  be  equal  to  that  made  by  ASM  with  the 
tame  plane,  and  will  therefore  express  the  distance  of  the  point  of  contact 
from  the  vertex.  ATso  let  SG  and  SH,  each  drawn  perpendicular  to  OX, 
meet  OG  and  OH,  in  G  and  H.    Then  since  the  equations  of  AM  are 

ffmspx  +  E 

it  Mlows  that  tbe  equations  of  OH,  parallel  U>  AM,  and  passing  through 
the  origin,  are, 

'.ZT.\     -    ■    ■    ■    m 

In  like  maimer,  the  equatioas  of  OQ,  are  (eq.  6) 


(19) 


If  oow  we  assume  OS  «  1,  the  co-ordinates  of  S»  will  be  1, 0»0.  And 
by  taking  x  a  1,  in  the  equations  (19  and  18)  we  find  the  corresponding 
eo-ordtnates  of  H  and  G.     We  thus  have, 

the  co-ordinates  of  S,    .     1,    0,    0^ 

ofG,         h    t^.  q)     '        -        -        -        (20) 
ofH,         1,    p,   q,) 

Hence  the  equation  of  the  plane  OGH»  passing  throiyb  tbe  origin  O, 
and  the  points  G  and  H,  is, 

(m'-M)«  +  (9  — ^)y-(P~P')»=-0  (21) 

Also  the  equation  of  the  plane  Z'OG,  which  passes  through  O,  G,  and 
S,is 

O.x  +  q'y—p'z^O  .         .         •         -     (22) 

If  therefore  we  put  V  «« tbe  angle  made  by  the  plane  OGH  with  the 
plane  Z'OG,  we  have, 


P''(p-pl  +  q''(q-qr 


Bui  pit  ^p'q  =  q'.  (p^p')-^  p\  (2— ^),  and  (eq.  9)  ^/ 1  +  j/*  +  «'• 
B.  \/l  +  tan*/«B=  sec/.     Hence, 

P  (J>— ?)  +  «'(«  — «)       •' 
As/ cannot  exceed  8",  the  &clor,  fl«c/,  caoBMli  w  w  <MUgr  fMovai^ 
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aAet  tlM  vahw  of  V,  in  any  case,  more  than  a  small  Uractkn  orajeeoDd. 
Hence  we  may  consider 

P— f'     ^ 

tan  V  =*  g'(P-p')-j^(g--g')  _  l-i     4 

P'  (1»  — P')  +  «'(«  —  «')       ,   .P  — P'  ll 

* :_  . 

Putt.nP=^=*-g^"'°i'-';;-gJili^^^)-!-.    (23) 

8iu(»  — »')""*^ 

Hence,  V-P  —  Q  (26) 

From  the  equation  of  the  vertical  plane  Z'OG,  we  find  that  the  tangent 
of  the  angle  which  it  makes  with  the  plane,  POX,  which  is  the  plane  of 

a»,  is  equal  to  ^.  This  angle  is  therefore  (eq.  24),  equal  to  Q.  Conse- 
quently as  the  plane  POX  passes  through  the  north  pole  and  the  sun's 
centre,  Q  expresses  the  distance  of  the  vertical  point  of  the  sun's  disc 
from  the  north  point.  Hence,  as  V  +  Q  >»  Pi  it  follows  that  P  ezpresMS 
the  distance  of  the  point  oi  contact  from  the  north  point  of  the  disc. 

^.    «     «  A      jf      cos  (A  —  A)  cos  (D  —  D)  tan  d 

64.    Put  R  a  a  tan  CT  «- i r-^. >-7r '- 

sin  (w  —  m) 
K  SB ^«  tan  d'aKLcos^'cos(/« — A') eosD' -^ ^ ump' mniy\  tBB  d 

sin  d 

r  ™ 


cos(f  sin(«r — w) 

b  sin(A  — AQcosD      • 

^       sin  (»  —  w)  sin  (ir  —  w) 

€  sin  D  cos  D'  —  cos  (A — A")  cos  D  sin  D' 

^  ^  sin  (ir  —  w)  *"  8in(ir  —  v)  " 

tt  =  ^i3  SB  ^  cos  f'  sin  (/* —  A') 
9  SB  ^  ss  ^  sin  f'  cos  D'—-  (  cos  f'  cos  {/a —  A')  sin  ly. 

Then,  for  the  time  of  beginning  or  end  of  the  eclipse,  we  have  (eq.  17), 

k^^ip-uy+ii^vY  (26) 

In  annular  eclipses,  if  we  take  it »  R  —  R' —  r,  the  formula  will  cor^ 
respond  to  the  time  when  the  eclipse  begins  or  ceases  to  be  annular. 
And  in  total  eclipses,  if  we  take  A  »  r  ^  (R  —  R),  it  will  correspond  to 
tkc  tunc  when  tlie  ecUpee  begins  or  ceases  to  be  total. 
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65.  Before  proceeding  to  the  solution  of  the  above  equation*  k  will  be 
convenient  to  have  a  furmula  for  the  nearest  apparent  approacii  of  the 
centres  of  the  sun  and  moon.  If  (in  equation  12)  the  term  ^«  sin  v'  in 
the  factor  (I  +  ^a  sin  v)  be  rejected  (art.  62),  we  ha?e, 

(ft  — eff  Bin(»  — ^'))"  +  (c—er sin  («•  —  «•'))' 


tan«i;= -. : r-- 

(a  —  ^«8in  «•)» 


Whence  tan  r  = 


\\n  (tt  —  w') 


sin 


a  —  ^<s  sin  jr 


[(ii^^  -  «e) + (sin  C-.r^)'] 

a  —  ^asin  «• 


Put  %  t=  ^{p  —  uy  -t  (q  —  vy 

sin  (y  — O 
a  —  ^a  sin  «• 


m.       .              sin  («•  —  «•') 
Then  tan  Z  =  — ^^ ~ 


The  factor  — : changes  its  vahie  so  little,  during  the  continu- 

a  —  ^aSldw  ^  *^ 

ance  of  an  eclipse,  that  the  change  in  the  value  of  tan  z  may  be  regarded 

as  depending  entirely  on  the  change  in  the  value  of  «•     Hence  the  least 

value  of  tan  £,  and  consequently  the  nearcit  approach  of  the  centres,  will 

have  place,  when  z  has  its  least  value. 

As  the  value  of  «  continually  decreases  while  it  is  approaching  its  least 
value,  and  afterwards  continually  increases,  it  is  evident  that  whatever 
value  it  has  at  any  time  prior  to  the  time  of  this  least  value,  it  must  at  a 
subsequent  time  acquire  an  equal  value.  It  is  also  e?ident  that  the  less 
the  interval  is  between  any  two  limes  when  the  values  of  z  are  equal,  the 
nearer  will  either  of  these  times  be,  to  the  time  of  the  least  value.  Con- 
sequently if  t  be  the  interval  between  the  times  of  two  equal  values  of  Zf 
the  least  value  must  have  place  when  t  =  0, 

66.  Let  p\  g',  vf  and  v'  be,  respectively,  the  hourly  changes  of  the  values 
of  p,  q,  ti,  and  e,  at  any  proposed  time,  supposing  the  rate  of  change  which 
each  has  at  that  time  to  continue  uniform. 

Then  assuming  the  values  of  ji,  ^,  «,  and  o,  and  also  of  p',  q\  u%  ^nd  v\ 
to  be  the  values  which  those  quantities  have  at  some  time  T,  so  near  the 
time  of  the  least  value  of  it,  that  the  rate  of  change  of  each  of  the  quan- 
tities p^q,  tt,  and  i?,  may  be  regarded  as  uniform,  during  the  interval  <»  and 
patting  sf  for  the  value  of  is  at  the  time  T,  we  have. 


Also  Jbr  the  time  T  +  ^,  we  havty 

•'  -  ^  [(f-«  +  (f'  -  •')  *)*  +  (f-«»  +  (f-*')  «)*]  • 
30 
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In  order  to  abridge  the  expressions,  put  x  np — Ufpwmq-^v^g'wm 
p'  —  u\  and  y'  =  j' — ©'.     Then, 


»'«  \/  X'  +  y' 

»'  =  x/  (x  +  xty  +  (y  +  y'0« 
Hence,  («  +  x'ty  +  (y  —  y'O^  =«  «*  +  y^ 
or,  2  xx't  +  2  yy'i  +  x'H^  +  y'H*  s  0 

or,xx'+yy'  +  —^-^.  t  =  0 

Consequently,  taking  t  »  0,  (art.  65),  we  have  at  the  time  of  the  least 
value  of  x^  or  which  ia  the  same,  at  the  time  of  the  nearest  apparent  ap» 
proach  of  the  centres, 

xx'  +  yy'  -0.         -        .         -        -     (28) 

Solutions  of  the  equations  for  the  time  of  the  nearest  apparent  approach 
of  the  centres  of  the  sun  and  moon;  cuidfor  the  times  of  the  beginning  and 
end  of  the  eclipse* 

67.  As  the  quantities  x'  and  y'  are  not  constant,  but  change  with  the 
time,  the  equations  (28  and  26)  do  not  admit  of  direct  solutions.  They 
may,  however,  be  readily  solved  by  successive  approximations. 

Let  T  be  the  time  of  the  conjunction  of  the  sun  and  moon  in  right 
ascension,  or  any  other  time  near  to  the  time  of  nearest  approach  of  the 
centres ;  and  let  t  be  the  interval  between  the  time  T,  and  the  time  of 
nearest  approach.  Also  let  the  values  of  a;,  y,  x'  and  y',  be  those  which 
they  have  at  the  time  T.  Then,  supposing  the  values  of  x'  and  y'  to 
remain  constant  during  the  interval  t,  wo  obviously  have  (eq.  28), 

(x  +  x't)x'  +  {y  +  y't)y^^O. 
Whence,  putting  i^  =  a/*  +  y'«  we  obtain, 

t^-'jL+y.^     ....     (29) 

The  value  of  ^  added  to  the  time  T  or  subtracted  from  it,  according  as 
( is  affirmative  or  negative,  will  give  the  approximate  time  of  the  nearest 
approach  of  the  centres, 

68.  If,  now,  T  be  the  approximate  time  of  nearest  approach,  and  the 
values  of  x,  y,  a/  and  y',  at  the  time  T,  be  taken,  the  true  time  may, 
!iy  repeating  the  calculation,  be  found  very  nearly.  This  second  approxi- 
mation may  in  general  be  regarded  as  giving  the  true  time.  If  the  utmost 
precision  is  desired,  the  calculation  may  be  again  repeated,  using  the 
values  of  the  quantities,  at  the  time  last  found. 

69.  Let,  now,  T  be  the  true  time  of  the  nearest  approach  of  the  centres, 
and  t  the  interval  between  the  time  T,  and  the  time  of  beginning  or  end 
of  the  eclipse.  Also  let  the  values  of  x,  y,  x',  and  y',  at  the  time  T,  be 
represented  by  a,  &,  a',  and  h\  redp^^^^'^^^lj  y  ^"^  ^^^  ^®  value  of  &  be  the 


> 
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▼aloe  which  it  has  at  that  time.  Then  sapposing  the  Talaes  of  »'  and  y* 
Co  continue  during  the  eclipse,  equal  to  a'  and  b\  the  value  of  Ap  to  be  con- 
stant, and  putting  m'  ss  oP  +  6^,  and  v^  ^  a'^  -\-  b'^y  we  have,  (eq.  26)> 

ifc«  =  {a±a'ty  +  (ft ±  h'tY «  fif± 2  {aa'  +  M')  t  +  f«« 
But  (eq.  28),  aa!  +  W  =  0.     Hence, 

oM-^i^±:f^      ....        (30) 

It 

The  value  of  <,  subtracted  from  T,  and  added  to  it,  will  give  appraxi' 
wuUe  times  of  the  beginning  and  end  of  the  eclipse. 

70.  Let  the  values  of  x,  jr,  a/,  and  y',  at  the  approximate  time  of  begin- 
ning, be  represented  by  c,  d,  </,  and  d',  respectively,  and  let  the  value  of 
It  l)e  that  which  it  has  at  that  time.  Also  let  t  and  f  be  respectively  the 
intervals  that  would  elapse  between  the  approximate  and  true  times  of 
beginning,  and  the  time  of  nearest  approach  of  the  centres,  if  the  values 
of  x'  and  y'  continued  to  be  equal  to  c'  and  d'.  Then  the  difference  be- 
tween t  and  t'  will  evidently  be  the  interval  between  the  approximate  and 
trae  times  of  beginning,  very  nearly.  The  error  there  is  in  considering  it 
accurately  so,  depends  on  the  small  changes  in  the  values  of  k,  x\  and  y'» 
daring  this  interval ;  which,  aa  the  interval  is  always  short,  may  in  general 
be  disregarded. 

Taking  the  values  of  the  quantities  as  above  assumed^  and  patting  M' 
=  «^  +  d»,  and  «•  an  o'«  +  d«,  we  have, 

M*  «  {a—e'ty  +  {b  —  d'tf  a-  in"  — 2  (ac'  -|-  M')<  -|- 1^*" 
«fid  V^(a  —  e't'y  +  {b  —  d't'y  =  «»  — 2  (oc'  +  bd)  t'  +  if  t'K 
„  ,         JM^—m^      (ac'  +  bdy\  ,   ac'  +  bd' 

//k^  —  m»  ^  {ad  +  fttr)«\  ^^'^-bdi 

/M«— «»     (oiZ  +  WK        Jk^—fn*  ,  (ae'+bd:)\ 

Since  (eq.  28),  oil'  +  W  =  0,  the  quantity  — — r — ^,  only  differs  from 

fi 

0,  in  consequence  of  the  changes  in  the  values  of  x'  and  p\  during  the 
interval  t.    It  will  always  be  very  small  in  comparison  with  j . 

M'  —  m'          it'  —  m* 
Hence,  as r — »  and — »  are  always  nearly  equal,  the  difference 

II  H 

between  the  above  radical  quantities  will  not  be  sensibly  affected  by  the 
rejection  of  the  term  ^^  ^ — ^  from  each.    We  therefore  have, 


i<ct= CO •  -         -         (31) 
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The  diftrence  between  t  and  i',  being  added  to  the  approximate  time 
of  beginning  when  M'  is  greater  than  Ar',  but  subtracted  when  M'  is  less 
than  Jt^9  will  give  the  true  time  of  beginning  very  nearly.  When  greater 
precision  is  desired,  the  calculation  may  be  repeated,  taking  the  time  last 
found  for  the  approximate  time. 

The  true  time  of  the  end  of  the  eclipse  is  found  in  a  similar  manner. 

71.  It  is  not  necessary  that  the  values  of  x'  and  y',  or  of  (p'  — 1«') 
and  (q'  —  v')^  the  quantities  which  they  represent,  should  be  obtained 
with  great  precision.  We  may  therefore,  in  finding  p'  and  q',  make  use 
of  approximate  values  of  p  and  q»  Now,  as  the  sines  of  small  arcs  are 
very  nearly  proportional  to  the  aVcs  themselves,  and  as  cos  (A  -~  A')  at 
the  (ime  of  an  eclipse  of  the  sun,  differs  but  little  from  a  unit,  we  bave  for 
near  approximate  values  of  jp  and  g,  (art.  64), 

A- A'        ^ 

P  as cos  D 

D  — D' 

«• — «• 

Hence,  disregarding  the  variations,  in  cos  D,  and  («•  —  «•')»  we  bave, 
^,  _  hoBriy  change  of  (A  -A')  ^^  ^  ^^^^ 

hourly  change  of  (D  ~  D')  . 

q    IS  — J ...      f  j^^ 

If  the  value  of  u\  increased  or  decreased  uniformly,  the  difference 
between  the  values  of  u,  found  for  two  different  times,  separated  by  an 
interval  of  an  hour,  would  be  the  value  of  u'  at  the  middle  of  the  hour. 
But  the  increase  or  decrease  is  not  uniform.  If,  however,  we  find  the 
value  of  ti'  from  the  values  of  ti,  taken  at  an  interval  of  only  a  few  minutes, 
instead  of  an  hour,  the  error  arising  from  this  cause  maybe  disregarded. 

Let  T  be  any  given  time  for  which  the  value  of  ti',  is  required,  and  let 
t  be  some  small  interval  of  time,  for  instance,  the  jV  ^^  &>>  hour.  Then 
the  difference  between  the  values  of  u,  at  the  times  T —  tf  and  T  +  tf 
will  be  ^  of  the  value  ofti',  at  the  time  T. 

As  the  hourly  increase  of  the  arc  (^  —  A')  is  always  15°,  very  nearly, 
its  increase  in  the  time  t  will  be  45'.  Hence,  taking  for  (jea  —  A'),  the 
value  which  it  has  at  the  time  T,  the  value  of  u  at  the  time  T  —  <»  is  ^  cos 
f'  sin  (fA  —  A'  —  45'),  and  at  the  time  T  +  f,  i(  is  ^  cos  ^'  sin  (fA  —  A' 
+  45').    Therefore, 

j^  -  e  cos  9'  /sin  (f*  —  A'  +  450  —  sin  (^—  A'  —  45')) 
aa  2^  COS  ^'  cos  (ja  —  A')  sin  45',  (art.  21) 

/         .  2700 

-2^cos,cos(^-AO.-5o6264:S- 
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^       /                  ,         /          AAV      54000  ,^  , 

Or,  u'  =  jC08f'co8(^-A').g5g2g5^.           -  -        -        (34) 

In  like  manner,  considering  D'  as  constant,  we  find, 

64000 

t/  =  jC«i^'«nO*-A)8iniy.^jjj^^^j^.  .        .    (36) 


OF  THE  aUANTITY  OP  THE  ECLIPSE. 

72.  Let  to  =s  the  digits  eclipsed.     Then  taking  for  z,  the  value  which 
it  has  at  the  time  of  nearest  apparent  approach  of  the  centres,  we  have» 

6(r  +  a— 2) 

Hence,  w  =  — ^ p . 

Or,  taking  the  sines  of  t^^  1  and  s,  instead  of  the  arcs  themselves, 

^^  6  (sin  y  + sin}  — sins)     _        ^        ^         .^^. 
sin  i'  •         '         V     ; 

Sabstitnting  a,  for  cos  (A  —  A')  cos  (D  —  D^),  (art.  62),  we  have 
from  (art.  64), 

\sm  («•  —  wQ      *    /  sm(ir  —  «^) 


sin  (» — «•')     1  —  fa  sin  «•' 
a  —  ffa  sin  V  sin  if 


cos  if  sin  («•  —  «0'  i  —  ^»  sin  «•' 
/       <  c\        ^  —  ^«  sin  «•        . 
^  ^       '  cos  a  sin  («•  —  w) 

Therefore,  sin  ^  «*  (R  —  R')  c«s  if.  ^'"(^^^ O^ 
^  '  a-— ^a  aio  V 

Ai        •    %      /       t;i\    sin  d  cos  X 
Also,  sin  a  a  (eq.  14), 


^'  a  —  ^«  sin 


(art.  64),  r  cos  a  cos  S. ^^ : — -• 

^  '  a  — >  ^  sin  V 


And  since,  (art.  69),  m  is  the  value  of  \/  a?*  +  y*,  or  of 
^  (p  —  !»)*  +  (j  —  »)•,  at  the  time  of  nearest  apparent  approach  of 
the  centres,  we  have  (eq.  27), 

sin  (w-  —  r) 

tan  X  =  «. ^ r— ^. 

a  —  g«  sin  «• 

.    ^  ^    sin  (ir  — 1<) 

or,  sin  £  e«  m  cos  2. ^ : — ^. 

a  —  ^«  sm  wr 
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If  these  values  of  sin  y,  sin  1  and  sin  £,  be  substituted  in  the  expression 

for  w,  (eq,  36),  rejecting  the  factor ^^    .^\  which  will  be  common 

^  ^       ^      ••        **  a  — ;« 810  «• 

to  each  term  of  the  numerator  and  denominator,  we  have. 


g/r— R'  +  r  cos  r_m^^l 
V  COS  dl 


R— R' 

COS   Yl 

Or«  rejecting  the  factors  cos  2  and r;,  the  effect  of  which  on  the 

^        ®  cos  a 

value  of  w  cannot  in  any  case  amount  to  -pjVv  ^^  ^  digit,  and  putting  ifc, 
for  R  —  R'  +  r»  (art.  64),  we  have, 

e(k-m) 
""^    R-R'  (^^) 

Formttltf  tn  which  the  Longitude  and  latitude  of  the  sun  and  nuxm  are 
emphyedf  instead  cf  the  Right  Ascension  and  Declination. 

73.  If  we  now  regard  EQ,  Fig.  60,  as  representing  the  eclipticy  PB, 
PC,  and  PD,  Will  be  circles  of  latitude. 

Put  L  =  EG  =  longitude  of  the  moon 
L'«EB=        «*  «     sun 

L"«ED=      "  "    geocent.  zenith 

X  na  CM'  sa  latitude  of  the  moon 
^'»BX—        "        «      sun 
x"  «  DZ'  =        "        *«    geocent.  zenith 
«  ■■  obliquity  of  the  ecliptic. 

Then  in  like  manner  as  in  (art.  55),  we  have, 

a  as  cos  (L  —  U)  eoBX  COS  x'  +  sin  x  sin  x' 

b  BBS  sin  (L  —  LO  cos  A 

c  =  —cos  (L —  L')  cosx  sin x'  +  sin  x  cos  x' 

«  B0  cos  (L'^  —  V)  cos  x"  cos  a'  +  «in  a"  sin  x' 

e^Bm(U'  —  LJcoBx" 

y^  —  COS  (L"—  L')  cos  x"  sin  x'  +  sin  a"  cos  a' 

The  arc  x'  it  always  extremely  small,  and  the  quantities  a,  a,  /?,  and  y, 
are  not  required  with  great  precision.  Hence,  as  cos  (L  —  U)  at  the 
time  of  an  eclipse,  differs  but  little  from  a  unit,  we  have,  without  sensible 
error  in  the  result, 

a  SB  cos  (L  —  L')  cos  A  ) 

ft«sin(L  — LOcos  a}  -        -        -        (38) 

'  c  xai  sin  (a  —  aO  ) 

•  =  cos(L"  — L')cosA") 

/?«sin  (L"  — LOcosA")  -        -        -    (39) 

7  «s  sin  A"  ) 
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74»  By  iotrodacio^  the  right  ascenrnmi  and  declination  ef  the  zenith, 
into  the  expressions  for  «,  /?,  and  y,  instead  of  the  lon^tude  and  latitude, 
we  obtain  other  formulae,  which,  though  consisting  of  several  terms,  are 
Deyertheless  more  convenient  in  their  practical  application  to  the  calcula- 
lation  of  an  eclipse. 

Let  EQ,  Fig.  61,  be  the  equator,  EC,  the  ecliptic,  P  andp,  their  poles, 
Z,  the  zenith  of  a  place,  FA,  a  circle  of  declination  through  Z,  and  pB,  a 
circle  of  latitude  through  the  same  point.  Also  let  pPFD,  ZF,  and  Z£, 
be  arcs  of  great  circles.  Since  the  arc  pD  passes  through  the  poles  of 
EQ  and  EC,  it  is  perpendicular  to  these  ciroios,  and  the  arcs  ED  and  EF 
are  quadrants. 

In  the  triangle  PpZ,  we  have, 

cos  pZ  B  cos  pPZ  sin  PZ  sin  Pp  4-  cos  PZ  cos  Pjp 
or,  sin  V  s  —  gin  /4  cos  f '  sin  t  +  sin  ^'  cos  t. 
Hence,  y  n  gin  f*  cos  •  —  cos  ^'  sin  1  sm  /«       -        .    (40) 
In  the  right  angled  triangles  EAZ  and  EBZ, 

cos  BE  cos  BZ  S3  cos  £Z  s  cos  AE  cos  AZ 
or,  cos  L"  cos  x"  =  cos  /x  cos  p' 

And  in  the  triangles  FBZ  and  FPZ,  the  former  of  which  is  right 
angled, 

cos  BF  cos  BZ  »  cos  FZ  a  cos  FPZ  sin  PF  sin  PZ  +  oos  PF  cos  PZ 

or,  sin  L"  cos  V'  =  sin  ^  cos  •  cos  ^'  +  sin  f  sin  f'* 

Substituting  in  the  expression  for  /?,  these  values  of  cos  U'  cos  h^'  and 
ein  L"  cos  x^,  we  have, 

/g=  sin  (L"  —  L')  cosy" 

WB  sin  L"  cos  x"  cos  L'  —  cos  L''  cos  x"  sin  L' 

■a  cos  f'  COS  t  sin  f*  cos  U  +  sin  p'  sin  •  coe  U  —  cos  p'  cos  ^ 
sinL' 

as  sin  f'sin  tcos  U  +  cos  f' sin  |*  cos  V  —  cos^'cos^sm  U— 
2  cos  ^'  sin"  i  I  sin  f«  cos  L' 
or,  0  8=  sin  f'  sin  •  cos  L'  +  cos  ^'  sin  (^  —  L')  — 2  cos  9'  sin*  J  i  sin 
l*cosL'        -         - (41) 

In  like  manner  we  find, 

a  s=B  sin  ^'  sin  f  sin  L'  +  cos  f'  cos  (f^—  L')  —  2  cos  ^'  sin*  i  i  sin 
ft  sin  L' (42) 

75.  Substituting  the  preceding  values  of  a,  6,  dz;c.  in  the  expressions 
for  R,  R',p,  9,  &c.  (art.  64),  and  determining  the  values  of  |/,  q'j  d&c. 
a^  jil(^rt.  71),  we  obtain,  ,...,... 

H.      cos  (L  —  L")  cos  X  tan  d  jf 

^*  sin  (»  —  «.')    - 
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R-  OS  (^  no  f '  mn  a  sin  L'  +  ^  cos  f '  cos  (/b»— -LO  -—  S  ^  cos  f'  sinP  i  • 
sin  ^  sin  L')  tan  df 
sin  i2 


jp« 


cos  d' sin  («•  —  t) 
sin  (L  —  L')  cos  a 

sin  (w  —  «•') 
sin  (a  —  x') 


^""sinCsr— O 

ft  =ss  ^  sin  9'  sin  I  cos  L'  +  f  cos  p*  sin  (^  —  V)  —  2  ^  cos  ^'  sin'  i  t  sin 
^  cos  L' 
V  B  ^  sin  ^'  cos  f  —  ^  cos  ^'  sin  1  sin  ft. 
,      hourly  change  of  (L  —  L') 

jp    sa  '  /  '  COS  A 

.      hourly  change  of  x 

^^ i^r? — 

11'  =a  ^  cos  9'  COS  (f*— LO  /i^'^V  —  2  g  COS  f '  sin*  J  •  cos  ^  cos  L'  AViV* 
1/  =  —  g  cos  ^'  sin  f  cos  ^  /^th^ 

It  may  be  observed,  that  the  last  term  of  the  yalue  of  «  is  equal  to  the 
product  of  the  last  term  of  «,  muhiplied  by  tan  \  t  cos  V ;  and  the  last 
term  of  the  value  of  u'  is  equal  to  the  product  of  the  value  of  v'  multiplied 
by  th»  tame  factor. 

When  the  places  of  the  sun  and  moon  are  obtained  from  the  Nautical 
Almanac  or  other  similar  epheroeris,  the  calculation  of  an  eclipse  may  be 
perfoMed  with  nearly  equal  facility,  whether  the  places  are  denoted  by 
right  ascensions  and  declinations,  or  by  longitudes  and  latitudes.  But 
when  the  data  are  obtained  from  tables  of  the  sun  and  moon,  it  is  more 
convenient  to  use  the  formulse  in  which  longitudes  and  latitudes  are  em- 
ployed. 

OF  TH£  GENERAL  ECLIPSE. 

76.  From  the  formulas  that  have  been  investigated  for  a  given  place, 
we  may  easily  deduce  others,  that  will  serve  to  determine  various  circum- 
stances with  regard  to  the  eclipse  for  the  earth  in  general. 

Substituting  ^p  and  ^y,  in  the  place  of  u  and  Vj  in  the  equation  for  the 
beginning  and  end  of  an  eclipse  (eq.  26),  we  have, 


or, 


As  it  is  not  important  to  ascertain  the  circumstances  of  the  general 
eclipse  with  great  precision,  it  is  usual  in  calculating  them  to  consider 
gal,  and  to  omit  the  small  term  ^a  tan  df  in  the  value  o(k.  We  thus 
have, 

»■-(?-«• +  («-y)«       -       •       -    (44) 
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When  by  (ormQlie,  dedueed  from  Ibis  equatioo,  the  approximate  kmgi 
tude  and  latitude  of  a  place  where  aoy  particular  phenomenon  of  the 
eclipse  will  oocory  have  been  determined,. the  values  of  ^,  and  ^  tan  if, 
may  be  found.  Hence,  if  a  more  exact  determination  is  required,  it  may 
be  obtained  by  repeating  the  calculation,  with  the  true  value  of  kf  and 

with  -y-  and  -,  instead  of  i,  p  and  q. 

77.  Considering  fl»,  n,  ^  and  kf  as  tfj/brwrniwe  fjnantities,  put, 

p  ■■  m  sin  M  |i<  mi  sin  N 

gaatacosM  ^'s^iieosN 

/9  ss  ^  sin  Q  y  n  A  sin  S 

yes^COsQ  ft  as  A  COS  S 

ils  j/ 18  always  affirmative,  the  arc  N  cannot  exceed  180^.  The  other 
arcs  M,  Q  and  S,  may  be  taken  less  than  180^,  or  not  exceeding  180^, 
provided  they  are  considered  negatwej  when  their  sines  are  negative. 
Restricting  thus  the  extent  of  the  arcs,  when  either  of  the  quantities  j>,  /?, 
or  y  is  negative,  the  corresponding  are  will  be  negative.*  As  » is  always 
affirmative  wfaen  the  sun  is  not  below  the  horizon,  cos  8  will  be  affirmative* 
Consequently  S  cannot  exceed  90°. 

78.  Multiply  the  first  of  the  eqoatioQS  (8)  by  sin  D',  and  the  thiid  by 
eos  D',  and  add  the  products*  Also  multiply  the  first  by  cos  IX,  and  the 
third  by  sin  IX,  and  subtract  the  second  product  from  the  first*  We  tboe 
obtain, 

sin  f '  ae  A  sin  ly  +  >  cos  ly  {  ,  ..^ 

cosO*  — A')cos  f'^ftcosiy  — ysiniyj      -        -        -        -    (46) 

Substituting  in  these,  the  values  of »  and  y  (art.  77),  we  have, 

sin  f'  =  h  (cos  S  sin  D'  +  sin  8  cos  D')  ib  &  am  (S  +  D') 

(46) 
eos  (^  —  AO  cos  f '  -  ^  (cos  S  cos  D'  —  sin  S  sin  IT)  «» A  cos  (8  +  IX) 

(47) 
We  have  also,  (eq.  9), 

sin  (jA  —  A')  cos  ^'  =  /?  as  ^  sin  Q  (48) 

Dividing  equations  (48)  and  (46),  each  by  (47),  we  have, 

tan  f '  «  cos  (^  —  A')  tan  (8  +  D'). 
But  (art.  77),  ^  cos  Q  »  y  »  A  sin  3. 

Consequently,  ^ 


sin  S 


h      cos  Q' 

*  The  sines  and  taDfeats  of  negative  arcs  hare  emOrary  signs  to  those  of  affirmalive 
arcs  of  the  same  noinerical  value.  Bat  the  signs  of  cosines  of  negative  and  aiBrmatiw 
arcs  of  the  same  numerical  value  are  the  same. 

31 
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Abo  (4.  12.  A),  tan  f  =  rz^  tan  f', 

„  ,      f         .,.      ttn  S        rinQ  tin  S  tan  Q  . 

The  yahie  or(^— >  A')  found  fer  a  given  pbeoomeiiott  ef  tba  feaeral 
eclipse}  at  a  given  time  at  any  first  meridian,  being  snbtracted  from  its 
value  at  the  same  time,  at  the  first  meridian,  wi}l  give  the  longitude  of 
the  place  which  has  the  phenomenon  at  that  time.  The  longitude  will  be 
west  or  east,  according  as  it  is  afirmatwe  or  negstiive. 

Tojhd  the  e^uoHonfir  the  begimdng  and  end  of  the  gemertA  ed^e. 

79.  The  general  eclipse  must  evidently  begin  and  end  when  the  sun  is 
in  the  horizons  of  the  places  where  it  begins  and  ends.  But  when  the 
sun  is  in  the  horizon,  the  angle  Z'OZ,  Fig.  60,  is  90^;  and  conse- 
quently akO.  Hence,  in  this  case,  the  second  of  the  equaiions  (1)» 
becomes, 

I  .1  /}•  +  y»  «  g«  sin*  Q  +  «*  cos*  Q  —  ^ 
Consequently,  g  a  l,  /9 ««  sin  Q,  and  y  ■■  cos  Q. 
Substituting  these  values  in  (eq.  44),  we  have, 
k"  «  (jp  — sin  Q)»  +  (^  — cos  Q)» 

—  1  +P'  +«*— 2(psinQ  + jcosQ) 
a  1  +  jp*  +  9'  —  2in  (sin  M  sin  Q  +  cos  H  oos  Q) 
=  l+p"  +  g*  — «mcos(Q  — M). 
H#nee,  ae  (art.  77),  /^  +  ^  ae  m*,  we  have, 

cos(Q^M)^'^^  ....    (62) 

Now,  as  cos  (Q —  Mj  cannot  exceed  a  unit,  it  is  evident  that  when  the 
leaat  value  of  the  second  member  of  this  equation  exceeds  a  unit*  there 
cannot  be  an  eclipse  on  any  part  of  the  earth.  It  is  also  evident  that  the 
general  eclipse  must  begin  or  end  when  this  member  becomes  equal  to  a 
unit.    Hence,  for  the  beginning  or  end  of  .the  general  eclipse,  we  have 

1  +m'  — Jfc« 

Jfc*  «  m»  —  2«  +  1 
or,  ±  *  =  m —  1. 
Hence,  (1  ±  ifc)>  —  m« » j>«  +  q^  ...        (53) 

With  the  upper  sign,  this  equation  corresponds  to  the  times  of  beginning 
and  end  of  the  general  eclipse.    With  the  under  one  it  corresponds  to  the 
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\  ^mm  at  wMeh  Ibe  •elipM  etn  mi  «t  mmrtit,  rnii  th«  earlieiC,  «t 
wMdi  k  cttQ  begiD  »t  0iBiitel. 

When  dm  least  vakie  i>f  (p^  +  q*)  h  greater  than  (t  -f  ^^i  tiiera  eaa 
wot  to  an  eeK|»e.  When  k  ie  totwteo  (1  ^  k)'  and  <l  —  ky,  the  pto^ 
Domenon  of  beginning  and  ending  in  the  horizon  continues  througboat 
the  dnratioo  ^tbe  eeKpse. 

For  a  eaUral  ecUpBti  A;  a  0.  Hence  the  equation  corresponding  to  the 
tMses  when  an  eclipse  begips  or  ceases  to  be  central,  is, 

l«*l^+^         ....        (64) 

When  the  least  value  or(p*  +  q^)  exceeds  a  unit,  the  eclipse  csnnot  be 
ceotral. 

80.  Using  p,  g,  p',  ^  and  (1  +  *),  instead  of  p  —  u,q  — e,  p'  —  ti', 
^— -e'y  aqd  k^  the  times  of  the  mkidle  and  of  the  beginning  and  end  of 
tto  general  eehpse,  may  be  found  in  the  sane  manner  ae  the  tiaes  of 
nearest  approach  of  the  centres,  and  beginning  and  end  of  an  eclipse  for  a 
peiticular  place.  As  p',  ^^  and  k^  vary  but  little  during  tlie  continuance 
cf  an  eclipset  the  approximate  times  may  Ue  regarded  as  the  true  times« 
and  consequently  the  operations  need  not  be  repeated.  Taking  1  instead 
of  (1  +  k)^  the  times  of  the  beginning  and  end  of  the  centrsl  eclipse  may 
to  found  in  like  manner. 

To  JM  the  pkues  ui  wkick  ike  gemrtd  or  eeniral  eclipse  begine  or  ende. 

81.  Sinceco8(Q  — M)»>  1,wehareQ  — Mr-0,  orQ-oM.  Also 
since  •  ib  0,  we  have  (art.  77),  cos  8  m  0,  and  8  »  j.  80^.     flenee, 

sinS  —  +  1, 
cos  (8  +  ly)  «  cos  (±  90^  4-  ly)  «■  +  «in  V 
and  tan  (8  +  ly)  •«  tan  {±  90^  +  ly)  *  —  cot  ly. 

Also,  as  g  ■■  1,  we  have  (art.  77), 

A  sin  8  ■■  y  ss:  ens  Q, 
.       cos  Q        ,         ^ 

stii  tonseqaenUy,  ft  cos  (8  +  D')  ««  ^oos  Q  sHi  ET.  (M) 

Hence  as  Q  ==  M,  we  have,  (eq.  49), 

^ ,.  sin  M  m  sin  M 

^^  '      —  cos  M  sm  D'       —  m  cos  M  sm  Jy 

or,Un(^-A')=— ?^«-^  .         .         .     C56) 

Atot  (eq.^!),  tan  #  -  —  _1^  coa(^  — A)  cot  D',  (67) 

ToJMfim  a  ghm  Hm  tk§  plattee  tkatwOlmi^ai  time  tose  the  ^syiii-* 
wimg  c^  9ni^  ike  eet^^tiii  ike  Aerisen. 

82.  Tto  values  of  p  and  q  at  tto  given  time  being  known,  the  values 
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of  M  «od  m  becoiBe  ksowB,  and  tbenee  (eq.  52),  liie  Tdoe  of  (Q<^  M)» 
Whence  Q  becomes  known.  Equation  (62)  may,  howater,  be  efaaafsd 
nito  another  which  in  some  eases  is  better  adapted  to  the  practical  deter- 
mination of  (Q  —  M).  Thus  subtracting  each  member  from  a  um!*  «a 
have, 

1 -co,  (Q_M)  =  1  - i±|l:i*! •  *!=1^^^ 

""  2m" 

But,  (art.  8),  1  —  cos  (Q  —  M)  «  2  sin*  i  (Q  —  M). 

Hence,  aini(Q—M)«i^^ |-A i         (66) 

Since,  as  is  evident  from  (eq.  48),  /?  must  be  negative  when  the  sun  la 
in  the  eastern  horizon,  and  affirmative  when  it  is  in  the  western,  it  follows 
that  Q  must  h^negafive  or  agbrmatwe^  according  as  the  sun  is  rimg  or 


\k  +  {\(om)\.U  —  {\<0^m\ 


As,  (eq.  66),  Jl  cos  (S  +  D')  «  —  cos  Q  sm  IX,  we  have  (eq.  49). 

*      /  A/  sinQ  tanQ  .^_. 

tan  Ot*  —  A'  « ^  .    ^  = r-^  (69) 

^  —  cos  Q  sin  D  sin  ly  ^    ^ 

The  latitude  may  be  found  from  (eq.  67). 

As  an  eclipse  cannot  be  visible  to  those.place8  which  remain  below  the 
horizon  during  its  continuance,  if  a  series  pf  places  be  determined  that 
will  have  the  end  at  sunrise,  and  another  that  will  have  the  beginning  at 
sunset,  it  is  evident  that  a  curve  line  passing  through  the  places  in  the 
first  series  will  form  the  western  limit  of  visibility  of  the  eclipse ;  and 
another  passing  through  the  places  in  the  second  series  will  form  the 
eastern  limit.  When  the  phenomena  of  beginning  and  end  in  the  horizon 
continue  Uiroughout  the  duration  of  the  eclipse,  these  two  lines  will  meet, 
and  thus  form  a  limit*  either  to  the  north  or  south,  aa  well  as  to  the  east 
and  west* 

To  jmi  a  northern  or  soaikem  UmiU  </  vUibUiiif  if  the  €plip$e> 

83.  If  we  combine  the  equation  for  the  time  of  the  nearest  approach 
of  the  centres  (eq.  28),  with  that  for  the  time  of  beginning  and  end 
(eq.  26),  considering  the  values  of  p  and  q,  the  same  in  each,  the  result- 
ing equation  must  necessarily  appertain  to  a  place  thai  wiH  have  the 
beginning,  nearest  approach  of  the  centres,  and  end,  at  the  same  instant 
of  time ;  and  that  will  therefore  have  only  a  simf^e  contact  of  the  liudbs. 
A  curve  line  passing  through  a  secies  ot  audi  places  wiH  form  «  aostherd 
or  southern  limit  of  visibility. 
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945 


Pot, 


tanN'.B^ 


(61) 


Taking  ioilMd of  9, ^z'^ tod y,  tiitir  valoes («it  M),  «e  iiaf» •lor 
tbe  timo  of  the  Dearest  approach  of  the  centreai  (eq.  28), 

or,  J  — ©--  —  (p—fi).  ^^__. 

Tbed;    9  — «»--(j»~ii)taoN' 

This  value  of  (9  —  «),  subatituted  10  the  equatioo  fer  the  lieginDing  and 
end  (eq.  26),  gives, 

jfc«  «i  (p_«)«  +  {p—uy  tMi'  N' 

«(p_«)«(H-Un»N'). 
Hence,    p  —  waaJiifccoaN* 
Alao(eq.  61),    g  — «  =  — (p  — «)  tan  N' —  +  isin  N' 
CoDaeqnenUy,        «  -^p  :^  ib  00s  N' 
\  9  sa  9  ±  ifc  sin  N' 

Or,  sinee  (art.  64),  n  n  ^/3,  and  «  «>  ^,  we  hare,  ' 

,  _p  ip  ifeeosN^ 
e 

oiitsinN'  I  .        -        (62) 

r — ~g — 

Md(l).  .=  ^  1  _(/?•  + y-) 

Ai  11'  and  e'  are  contained  in  the  expression  for  tan  N\  and  as  these 
depend  on  tbe  situation  of  the  pJace  required,  the  value  of  N'  can  not  be 
fiNind  till  this  has  been  obuined.  But  N'  never  differs  greatly  from  N 
(art.  77).  Therefore,  taking  ^  ««  1,  we  have  for  an  approzfanate  deter- 
minatioD  of  the  required  place, 


i 


tanN-^ 

0^p  zpitcosN 
y  ■■  ^  i:  A;  sin  N 


«-^l_(^+y» 


(63) 


When  with  these  values  of  •,  /?,  and  7,  the  approximate  situation  of 
tbe  required  place  has  been  found  by  (art.  78),  we  may  obtain  approxi- 
mate vahiea  of  tf"  and  1/,  and  tbeace  of  N'.  Then  with  the  values  of  «,  /?, 
and  Yf  as  expressed  in  (eqs.  62),  we  may,  by  repeating  the  calculation, 
obtain  a  result  that  will  be  very  nearly  accurate. 

84.  This  repetition  of  the  calculation  is,  however^  in  general,  wmeoes- 
sary.  For  although  the  place  first  found  may  sometimes  be  considerably 
distant  from  that  obtained  by  repeating  the  calculation,  it  will  neverthe- 
less be  near  the  limiting  line  of  visibility;  being  situated  easterly  or. 
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wMlmrly  from  tile  (MMUd  |dMe»  witlim  the  Uviliiig  Roe^  init  io  umt  U  m 
to  have  only  a  lety  small  eeNpte> 

Sapposing  a  smaJl  eclipse  to  occur  at  the  approximale  place,  let  t  be 
the  loterval  between  the  time  for  which  the  calculation  is  made  and  the 
time  of  nearest  approach  of  the  centres  at  this  place;  considering  t 
affirmative,  when  the  time  of  nearest  approach  is  the  later  of  tlie  two,  but 
Mfative,  when  it  is  the  earlier.  Tbesi  as  we  im9$  without  material 
error,  consider  {p  —  u)  and  {q  -^  t)  the  same  as  (p  -—  /3)  and  {q  —  y), 
ire  have  for  the  values  of  (^  -^  v)  and  (q ^^  v),  atVhe  lime  of  nearest 
approach, 

p  — tiB.  ±  kcoaN  +  (ff  —  u')t 

These  values  substituted  in  the  equation  for  the  time  of  nearest 
approach  of  the  centres  (eq.  61),  gives, 

T*8>nN  +  (4'— e')<-(q:tco8N  — (|/  —  tO*WN' 

—  q=ibeoeNianii'— 4(fr_«')lanN' 

«.:f  *oosNtanN'  — <(V  — eOun'N'. 

„                      ,,        ,.              icosNtanN*  — itsinN 
Hence.  («  -.)*-  ^ --^^-^, 

Adding  ::f  i  sin  N  to  each  member,  we  have. 

T*«nN +  («'  —  »')« -T*^8mN  + i^n^^n^ ) 

-  T*««N'eoB(N  — N'). 
BiA  taking  «,  i,  and  «,  as  in  (art  60)»  we  haw, 

/  .        (t  * -in  N  +  (5r -•')<)» 

-1=^  *.i»  N  +  i^-^sy  +  V __ 1 

^TiwoN +  (/  —  «')«)» 

^*-sm^N-cos|'(N-N7^^ 

sin*!^  *  •os-^t^^oi.^ 

Hence m  =  ico8(N  —  N')  »;  v 

As  (N  —  PT)  is  always  a  small  arc,  its  cosine  must  be  nearly  equal  to 
a  unit,  and  consequently  m  must  be  nearly  equal  lo  *.  It  follows,  there- 
fore (cq.  37),  that  at  the  place  found  by  the  approximate  calculation, 
there  can  only  be  a  very  small  eclipse. 
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ToJMfmrma^omktkM  the  pU^e  AtU  mU  im9$  the  greatest  phase  ^  ike 
ecUfse  in  ike  4ori«ofi. 

85.  Since  (art.  79),  0  «■  sio  Q,  and  y  m  coe  Q,  we  have  (art.  64)t 
umm^s^^mQt  aed  o  a ^ a  ^  cos  Q»  SulietilutiDg  these  valaee  in 
Ike  eqiM^oii  lor  the  nearest  approach  of  the  centres  (61),  we  bave^ 

q  —  f  cos  Q  a  —  {p — £  sin  Q)  tan  N\ 
q  cos  N'  — I  cos  Q  cos  N'  «s  — p  sin  N'  +  ^  sin  Q  sin  N* 

coeQ  cos  N'  +  sin  Q  sin  N'  sK^  (p  sin  N'  +  «  cos  N') 

or,  cos  (Q— N)  mi(p^nN'+qeM  N> 

TakiDg  N,  instead  of  N",  ^nd  ^  «■  1,  we  have  for  an  approKtmate  deter- 
mioition  of  the  required  place,  ^ 

co8(Q  — N)««psioN  +  4cosN)  (64) 

or.  «n  4  (Q-N)  -  •  l-(yBmN  +  gcg^  ^^^^ 

The  Tsloe  of  Q  being  foond,  the  Taloes  of  (^  ---A')  and  f  may  be 
found  froBi  equations  59  and  57« 

Tofiid  !&€  place  that  wiil  have  the  nm  cenirattif  ecUpeed  ai  a  gwen  time* 

80.  For  a  central  eclipse  £  a  0.  Consequently  from  equation  (27) 
we  have, 

•-(p-«^)*  +  («-«y)'- 

Bnl  when  the  sum  of  the  squares  off  two  quantities  is  at  0,  eaoh  quan- 
tity must  be  —  0.  Heno*, 

i  t 

or.  ?  -«. 

Hence,  (art.  77),  tan  Q  ■■  tan  M,  and  Q  ■■  M. 

Also, 

.-•(l_(/J«  +  y«)^ -,1  •(^~(p>  + g«))  -  V(f»-mM 
Consequently,        tanB-?^=»      ^  -        -        .    (66) 


Or,  for  an  approximate  determination, 

As  Q  is  equal  to  M,  we  have  (eqs*  60  and  61 ), 


t»»S-;^^j!:^j  -         -         -         (67) 
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.       SID  S         wn  M  8IP  S  tan  M 

tan  A  — — L-  cos  0*  — A')  Un  (S  +  D') 

The  arc  (^  —  A^)  nuat  be  nainerically  greater  or  less  than  90^,  aeconl» 
ing  as  (S  +  IV)  is  greater  or  less  than  90°,  and  it  must  have  the  aane 
sign  as  the  arc  M. 

87.  Considering  p'  and  ^  as  constant  throughout^ the  eontinuance  Kji 
the  eclipse,  the  determination  of  a  series  of  places  that  will  have  a  given 
phenomenon,  may  be  factlitaled  by  calcolating  for  equal  times  before  and 
after  the  middle  of  the  general  eclipse. 
From  the  ^vatiens  (art.  77)  we  bavei 

mn  sin  M  cos  N  a  pq' 

mn  cos  M  sin  N  ^  ^p' 

mn  sin  M  sin  N  s  pp' 

fim  C08  M  cos  N  b  qq\ 

Hence, 

ffifisin  (M  —  N)bs|^ — qp^ 
Mil  cos  (M  —  N)  -B  j»//  +  q^ 

Let  T  be  the  time  of  middle  of  the  general  eclipse,  and  I  an  interval  of 
time,  not  exceeding  half  the  duration  of  the  eclipse.  Also  let  a  and  h 
be  the  values  of  p  and  g,  respectively,  at  the  time  T.  Then  at  the  time 
T  :f  l»  we  shall  have, 

p^  —  qp'  ^aq'  —  b^T*'  (P'^— PY)  "-  aq'—hp^, 
pp'  +  q^ ^ap'  +  h^  =f  t.  {p^»  +  ^^)^  jp  tn^. 
But,  sinoe,  op'  -f  hq'  =  0, 

Consequently  at  the  time  T  :f  I, 

or,     mn  sin  (M-*-N)a■--;- 
«ll  cos  (M  —  N)  -^  :f  !»•. 
Therefore,  tan  (M  —  N)  «  -^. 

Thus  we  may  have  by  the  same  trigonometrical  operation,  the  values  of 
(M  —  E),  and  consequently  as  N  is  constant,  the  values  of  M,  at  the 
times  T  —  I  and  T  +  <•    Also,  as  m  •■  v^  (p*  +  q%  it  is  easily  seen  fhat 
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its  ▼aloes  at  these  two  tiines  will  be  the  saoie,  and  consequendy  (art  79), 
the  Talaes  of  cos  (Q —  M)  will  likewise  be  the  same. 

For  the  values  of  (Q  —  N),  article  85,  at  the  times  T  —  <  and  T  +  <i 
we  have, 

cos  (Q— N)  =jp  sin  N  +  9  cos  N 

=  a  sin  N  +  &  cos  N  7  <  (|/  sin  N  +  9'  cos  N) 
*»  =F  «  (j^  «n  N  +  ^  cos  N) 
^  zft(n  sin»  N  +  «  cos»  N) 
or,  cos  (Q— N)  =»:ftn. 

88.  By  Qsing  the  equations  (39)  instead  of  the  equations  (3),  we  may 
readily  obtain  fonnul®,  depending  on  the  longitudes  and  latitudes  of  the 
nm  and  mocHi,  for  determining  the  longitude  and  latitude  of  the  zenith  of 
the  place  that  will  have  a  given  phenomenon  of  the  eclipse  at  a  given  time* 
With  the  longitude  and  latitude  of  the  zenith,  its  right  ascension  and  decli- 
nation may  be  found  (6.20).  The  latter  is  the  geocentric  latitude  of  the 
place,  and  the  former  subtracted  jfrom  the  right  ascension  of  the  zenith  at 
the  same  time  at  the  first  meridian,  gives  the  longitude. 

OCCULT ATIONS  AND  TRANSITS. 

89.  Considering  the  quantities  which  have  be«i  used  to  refer  to  the  sun, 
as  referring  to  a  fixed  star  or  planet,  (equation  17)  evidently  applies  to 
the  beginning  or  end  of  an  occultation  of  the  body,  by  the  moon.  For  a 
fixed  star,  as  its  semidiameter  and  parallax  are  insensible^  the  formube 
becomes, 

or.  (0.8726)-  -(5^-*^)'  +  (s^^cr)'- 

90.  If  the  quantities  which  have  been  used  to  refer  to  the  moon,  be 
considered  as  referring  to  Mercury  or  Venus,  the  times  of  beginning  and 
end  of  a  transit  of  either  of  these  bodies  may  be  calculated  from  equation 
16,  or  the  first  equation  in  (art.  62)  ;  observing  that  the  last  term  of  the 
first  member  must  be  taken  affirmative  for  an  external  contact,  but  nega- 
ike  for  an  internal  contact. 


32 
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ELEMENTARY  TREATISE 
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ASTRONOMY. 

PART  II. 


Cmiatogm  cfO^  TMet  wbk  obmriMiMU  ntpeetbig  mm  tfOm. 

TABLE  I. 

Lfttitades  and  Longitudes  from  the  Meridian  of  Greenwich»  of  lome 
eilies  and  other  conspicuous  places. 

The  Latitudes  and  Longitudes  of  several  of  the  places  in  the  United 
States,  are  given  according  to  the  determinations  of  R.  T.  Payne,  the 
editor  of  the  Astronomical  part  of  the  AmerteMH  AhumaCf  a  valuable 
work,  published  annnafly  in  Boston. 

TABLE  XL 
Mean  Astronomical  Refraetioos. 

TABLE  IIL 

Mean  New  Moons,  dec.  in  January.  The  time  of  mean  new  moon  in 
January  of  each  year  has  been  diminished  by  J  5  hours,  which  has  been 
added  to  the  equations  in  Table  VL  Thus,  4  h.  20  m.  has  been  added 
to  the  first  equations  ;  10  h.  10  m.  to  the  second ;  10  minutes  to  the  third ; 
and  20  minutes  to  the  fourth.  By  this  means  the  equations  for  finding  the 
approximate  time  of  new  or  foD  moon,  are  all  made  additive. 

TABLES  IV.,  v.,  and  VL 

These  tables  are  used  with  the  preceding  one,  in  finding  the  approxi- 
mate thne  of  new  ov  fuH  moon* 
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TABLE  VIL 

Sun's  Mean  Longitude,  the  longitude  of  the  perigeOf  and  Aiguments 
for  finding  some  of  the  small  equations  of  the  sun*8  place.  They  are  all 
given  for  mean  noon  at  the  meridian  of  Greenwich,  on  the  first  of  January 
for  common  years,  and  on  the  second  of  January  for  bissextiles.  The 
sun^s  longitudes  and  the  longitudes  of  his  perigee  ha?e  each  been  dimi- 
nished by  2^.  As  each  is  diminished  by  the  same  quantity,  the  mean 
anomaly,  which  is  obtained  by  subtracting  the  longitude  of  the  perigee 
from  the  sun*s  longitude,  and  which  is  the  argument  for  the  equation  of 
the  centre,  is  not  alSected.  The  Argument  I.,  is  for  the  equation  depend- 
ing on  the  action  of  the  moon ;  Argument  IL,  is  for  that  depending  on  the 
action  of  Jupiter ;  Argument  III.»  is  for  that  depending  on  the  action  of 
Venus ;  and  Argument  N,  is  for  the  Nutation,  or  equation  of  the  equinoxes. 

Of  the  2°  which,  has  been  subtracted  from  the  sun's  mean  longitudes, 
1^  59'  SO'^  is  added  to  die  equation  of  the*  centre,  and  10"  to  each  of  the 
small  equations  due  to  the  actions  of  the  Moon,  Jupiter,  and  Venus. 

TABLE  Vm. 

Medons  of  the  Sun  and  Perigee  and  ebaoge  in  the  Arg«nB6nl%  for 
Months. 

TABLES  IX.  and  X. 
Siin's  Hourly  Motion  and  Semidiameter. 

TABLES  XL  and  XIL 
Butt's  Motions  for  the  Days^  Hours,  Mioufes^  •nd'  Steonds. 

TABLE  Xin. 
Equation  of  the  Sun's  Centre. 

TABLE  XIV. 
Small  equations  of  Sun's  Longitude. 

TABLE  XV. 

Mean  Obliquity  of  the  ecliptic  for  tiie  beginning  of  each  year  contained 
in  the  table. 

TABLE  XVL 
Natation  in  Longitude,  Right  Ascenmon  and  Obliquity  of  the  Edipdc 

Equation  of  Time,  to  c^    ^A,  Afpomti  into  Mmw  lame. 
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TABLE  XVIir. 
Earth's  Radius  Vector. 

TABLE  XIX. 

Mean  Right  Ascensions  and  Declinations  of  some  of  the  fixed  stars, 
for  the  beginning  of  1820,  with  their  annual  variations. 

TABLE  XX. 

Epochs  of  the  Moon's  Mean  Longitude,  and  of  the  Aiguroents  for  find- 
ing the  Equations  which  are  necessary  in  determining  the  True  Longitude 
and  Latitude  of  the  Moon.  They  are  all  giren  for  mean, noon  at  the 
meridian  of  Greenwich,  on  the  first  of  January  for  common  years,  and  on 
the  second  of  January  for  bissextiles.  The  Argument  for  the  Evection  is 
&ninished  by  29",  the  Anomaly  by  1^  69^,  the  Argument  for  the  Variation 
by  8""  69',  the  Mean  Longitude  by  9"^  44' ;  and  the  Supplement  of  the 
Node  is  increased  by  7'.  This  is  done  to  balance  the  quantities  which 
are  applied  to  the  different  equations  to  render  them  affirmative. 

TABLES  XXL  to  XLIL,  inclusive. 

These  tables,  together  with  Table  XX,  are  for  finding  the  Moon's  True 
Longitude,  Latitude,  and  Equatorial  Parallax. 

TABLE  XLin. 

Reductions  of  the  Moon's  Parallax  and  of  the  Latitude  of  a  phee, 
according  to  the  ellipticity  7^^.  The  mean  vakie  of  the  reduction  of  the 
parallax  is  given,  which  is  sufficiently  accurate  fer  calculations  in  wfaieh 
the  moon's  place  is  obtained  from  the  tables  in  this  work. 

TABLES  XLIV.  and  XLV.t 

Moon's  Semidiameter  and  the  augmentation  of  the  seni£ameter 
depending  on  the  altitude. 

TABLES  XLVI.  to  LIV.»  inclusive. 
Moon's  Howly  Motions  in  LoagiUide  and  Latitude. 

TABLE  LV. 

Contains  5  pages  of  the  Nautical  Almanac,  taken  firom  the  month  of 
May,oftiiatfi)rlM6. 

TABLE  LVL 
Second  diArences.    This  table  is  useful  for  finding  firom  the  Nautical 
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Ahnanac,  the  Moon's  loDgitade  or  latitude  for  any  time  between  noon 
and  midnight. 

TABLES  LVII.  and  LVIII. 

Third  and  Fourth  differences*  These  tables  are  used  with  the  preced- 
ing one,  when  great  accuracy  is  required. 

TABLE  LIX. 
Mercuiy's  Epocl\^.    '^ 

TABLES  LX.,  LXL,  and  LXIL 
Mercury's  motion  for  months,  days»  hours,  minutes,  and  seconds. 

TABLES  LXIIL  and  LXIV. 
Equation  of  Mercury's  Centre  and  small  equations. 

TABLE  LXV. 
Mercury's  Radius  Vector. 

TABLE  LXVL 
Reduction  of  Mercury's  orbit  longitude  to  the  ecliptic  longitude. 

TABLE  LXVIL 

Heliocentric  Longitude  and  Latitude,  &«.,  of  Venus  at  the  times  of 
tranmt  over  sun's  disc  in  1874  and  1882.  This  table  is  placed  in  the 
postion  it  occupies,  in  consequence  of  the  convenient  space  for  it  on  the 
page. 

TABLES  LXVIIL  and  LXIX. 

Mercury's  Heliocentric  Latitude,  Cosine  of  Latitude,  and  Aberratioo 
in  Longitude. 

TABLE  LXX. 

Logistical  Logarithms.  This  table  is  convenient  in  working  propor- 
tions, when  the  terms  are  nunutes  and  seconds,  or  degrees  and  minutes, 
or  hours  and  minutes. 

TABLE  LXXL 

Reductions  of  Moon's  Parallax  and  of  the  geographic  latitude  of  a  plaee 
to  the  geocentric,  according  to  the  compression  ^.  This  table  may  be 
used  when  the  reductions  are  inquired  more  accurately  than  as  given  in 
taUa  XLIIL  ^^' 
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TABLES  LXXII.  to  LXXVI.t  inchimfe* 
These  are  tables  used  in  calculating  eclipses  and  occultations. 

TABLE  LXXVIL 

Logarithmic  Sines»  Cosines,  and  Tangents,  and  Logarithm  of  tan  i  f 
cos  L»  or  logarithm  C« 

TABLE  LXXVIIL 

Logarithms  from  0  to  1,  to.  three  decimal  figures,  with  the  correspond- 
ing natural  numbers, 

TABLE  LXXIX. 
Squares  of  numbers  from  0.01  to  9.00,  to  two  decimal  figures. 

TABLE  LXXX. 
Squares  of  numbers  from  0.01  to  6.60,  complete. 

TABLES  LXXXI.  to  LXXXIV.,  inclusive. 

These  are  tables  calculated  by  Gaus,  for  finding  the  Aberration  and 
Nutation  of  a  star  in  Right  Ascension  and  Declination. 

SCHOLIUM.  The  tables  of  the  sun  were  abridged  from  Delambre's 
Solar  Tables.  Commencing  with  the  year  1836,  in  the  table  of  epochs, 
the  mean  longitude  of  the  sun  and  the  longitude  of  the  perigee  have  been 
corrected  according  to  the  determinations  of  Bessel,  as  given  in  No.  133 
of  the  Astronomische  Nachrichten.  The  numbers  in  the  preceding  part 
of  the  table  have  not  been  altered,  as  a  change  in  these  would  have 
required  a  change  in  a  number  of  the  examples. 

The  tables  of  the  moon  have  beea  abridged  from  Burckhardt's  Lunar 
Tables,  and  the  tables  of  Mercury,  from  Lindenau*s  tables  of  this  planet; 

In  each  set  of  these  tables,  some  small  equations  and  also  the  tenths  of 
seconds  have  been  omitted;  and  consequently  the  quantities  obtained  from 
them  will  be  liable  to  small  errors.  None  of  these  errors  will,  however, 
exceed  a  few  seconds. 

The  heliocentric  longitude,  latitude,  &c.  of  Venus,  at  the  times  of  the 
next  two  transits,  have  been  calculated  from  Lindenau's  tables  of  this 
planet. 

OBSERVATIONS    AND    RULES,    RELATIVE    TO    aUANTITIES    WITH 
DIFFERENT  SIGNS. 

It  is  frequently  convenient,  in  computations,  to  designate  certain  quan- 
tities by  the  affirmatke  sign  +,  prefixed  ;  and  others  by  the  negatvoe 
sign — .      Those  which  have  the  affirmative  sign  prefixed,  are  called 
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ponHoe  or  qfinmiioe  quantUies ;  aiid  tbo«e  with  the  iie(»Uve  «ig«»  pre- 

fixedy  are  called  negatice  quantities. 

When  a  quantity  is  affirmative,  the  sign  is  frequently  omitted ;  but  wheo 
it  is  negative,  the  sign  must  always  be  used* 

To  add  quaniUieSi  htming  regard  to  their  ngna.  When  all  the  quanti- 
ties have  different  signs,  add  them  as  in  common  arithmetic,  and  prefix  thst 
sign  to  the  sum.  When  the  quantities  have  different  signs,  add  the  affir- 
mative quantities  into  one  eum,  and  the  negative  into  another.  Then  take 
the  difference  of  these  two  sums  and  prefix  the  sign  of  the  greater.  These 
roles  will  be  illustrated  by  the  flawing  namples. 


Add   r 

ir 

Add  —3' 

61" 

Add  —  r 

14" 

7 

2 

—  4 

10 

+  8 

2 

3 

4 

—  1 

16 

+  3 

17 

Sum  12 

17 

Sum  — 9 

16 

Sum  +4 

6 

Add  +  3' 

16" 

Add  —  ir 

10" 

Add  +  3' 

I" 

—  8 

12 

—   4 

3 

—  1 

16 

—  6 

1 

+  12 

4 

+  4 

18 

/     +2 

17 

+  18 

69 

—  6 

4 

Sum— 7 

41 

Sum  +    9 

60 

Sum      0 

0 

To  Subtract  quanHties  having  regard  to  their  signs.  Suppose  the  sign 
of  the  quantity  which  is  to  be  subtracted,  to  be  changed  ;  that  is,  if  it  is 
affirmative,  suppose  it  to  be  negative  ;  and  if  it  is  negative  suppose  it  to 
be  affirmative.  Then  proceed  as  in  the  above  rule  for  adding  quantities. 
Thus, 


From  5' 

10* 

From 

4' 

11* 

From  +2' 

5" 

Sub.    3 

21 

Sob. 
Rem.- 

7 

27 

Sub. 
Rem. 

—  1 

11 

Rem.  1 

49 

-3 

16 

+  3 

16 

Frwn  — 

8'    29" 

From 

—  2' 

18" 

From 

—  4' 

17" 

Sub.  — 

3       2 

Sub. 
Rem. 

—  7 

11 

Sub. 
Rem.- 

+  6 

21 

Rem — 

5    27 

+  4 

63 

-10 

38 

To  JM  the  LogaritiMc  Sine^  Cosine^  Tangent^  or  Cotangent  of  an 
arCf  mikUs  proper  Sigutfrom  TaUes  that  extend  only  to  each  nmtile  rf 
thequadranL 


When  the  given  arc  does  not  etC^  ^  ^^*    ^'^^  ^^  8^^®"  ^^^  ^^  ^ 
it  exceeds  90%  with  its  suppW  ^t  to  180%  take  out  from  the  table  the 
required  Sine  or  Tangent  db^^     ^'^^'^  ^"^  ^>'®  seconds^  take  out  the 
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<|il&iif!ty  eorre«]>ondin^  to  the  giren  degrees  and  minutes  ;  also  take  the 
difierence  between  this  qtianlity  and  the  next  following  one,  in  the  table. 
'Then  60"  :  the  odd  seconds  of  the  given  arc  : :  the  difierence  :  a  fourth 
term.  This  fourth  term,  added  to  the  quantity  taken  out,  when  it  is 
mereasing^  but  subiraeied  when  it  is  decreasing,  will  give  the  required 
quantity. 

When  the  gwen  arc  exceeds  180°.  Sut)tract  180°  from  it,  and  proceed 
«8  before*  When  the  arc  exceeds  270°,  it  is  nwre  convenient,  and 
amounts  to  the  same,  to  subtract  tt  from  360°. 

To  determine  the  Sign  of  the  quantity.  Call  the  arc  from  0°  to  90°, 
the  first  quadrant;  from  90°  to  180°,  the  second  quadrant ;  from  180°  to 
«70°,  the  third  quadrant ;  and  from  270°  to  360°,  the  fourth  quadrant. 
Then, 

The  Sine  of  the  arc  is  affirmoHve  for  the  frst  and  second  quadrants  ; 
and  negative  for  the  third  hnd  fourth* 

The  Cosine,  is  affirmative  for  the Jlrst  Vin^  fourth  quadrants  ;  and  nega- 
tive for  the  second  and  third. 

The  Tangent  and  Cotangent  are  affirmatite  for  the  first  and  third  qua- 
drants ;  and  negatite  for  the  second  iknd  fourth. 

By  attending  to  the  preceding  rules,  the  student  will  easily  find  the  Sine, 
Cosine,  Slc.  of  an  arc,  in  either  quadrant,  with  its  appropriate  sign,  as 
exemplified  in  the  following  table : 

Are  Sine  Cosine  Tangent  Cotang. 

370   13.    21"  +9.78252  +9.90060  +   9.88193  +10.11807 

114     36     10  +9.95872  —9.61916  —10.33966  —  9.66044 

247     12     36  —9.96470  —9.68811  +10.37669  +  9.62341 

314     17     60  —9.86476  +9.84409  —10.01066  —  9.98936 

Note*  The  signs  are  seldom  placed  before  affirmative  logarithms  ;  but 
they  must  not  be  omitted  before  negative  ones. 

The  Logarithmic  Sine^  Cosine^  Tangent^  or  Cotangent  cf  an  are  being 
given,  to  find  the  arc* 

When  the  given  quantity  can  be  found  in  the  table,  under  or  over  its 
name,  take  out  the  corresponding  arc.  When  the  given  quantity  is  not 
found  exactly  in  the  table,  and  the  arc  is  required  to  seconds,  take  out  the 
degrees  and  minutes  corresponding  to  the  next  less  quantity,  when  that 
quantity  is  increasing;  but  to  the  next  greater  when  it  is  decreasing. 
Take  the  difference  between  the  quantity  cori-esponding  to  the  degrees 
taken  out,  and  the  next  following  one  in  the  table  ;  also  take  the  difference 
between  the  same  quantity  and  the  given  one.  Then,  the  first  difference 
:  the  second  : :  60"  :  the  number  of  seconds  which  is  to  bo  annexed  to 
the  degrees  and  minutcf.     Then, 

For  a  Sine*  When  it  is  affirmative^  the  required  arc  will  be,  either  the 
33 
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arc  found  in  the  table,  or  Us  supplement  to  180^.  When  th«  sine  is  n^a- 
tive^  the  required  arc  will  be,  either  the  arc  found  in  the  table,  increased 
by  180^,  or  its  supplement  to  360^. 

For  a  Cosine.  When  it  is  affirmative,  the  required  arc  will  be,  either 
the  arc  found  in  the  table,  or  its  supplement  to  360^.  When  the  cosine 
is  negative,  the  required  arc  will  be,  either  the  supplement  of  the  arc  found 
in  the  table,  to  180°,  or  that  arc  increased  by  180°. 

For  a  Tangent  or  Cotangent.  When  it  is  ajffirmatwey  the  required  are 
will  be,  cither  the  arc  found  in  the  table,  or  that  arc,  increased  by  180^, 
When  the  tangent  or  cotangent  is  negative,  the  required  arc  will  be,  either 
the  supplement  of  the  arc  found  in  the  table,  to  180°,  or  its  supplement 
to  360°. 

These  rules  are  exemplified  by  the  quantities  in  the  following  table  : 

Sine  +  9.78262     arc    37°  18'  21"  or  142°  41'  39" 

Sine  —  9.85476  arc  226  42  10  or  314  17  60 

Cosine        +  9.90060  arc     37  18  18  or  322  41  42 

Ckwine        —  9.61916  arc  114  36  11  or  245  24  49 

Tangent      +  9.88193  .  arc     37  18  21  or  217  18  21 

Tangent      —10.33956  arc  114  35  11  or  294  35  11 

Cotangent   +   9.62341  arc     67  12  36  or  247  12  36 

Cotangent  —  9.98936  arc  134  17  61  or  314  17  51 

Note.  Tables  which  extend  only  to  five  decimals,  will  give  the  are, 
for  a  tangent  or  cotangent,  true  to  the  nearest  second,  for  a  few  degrees, 
near  to  0°,  90°,  180°,  or  270°  :  for  a  sine,  near  to  0°  or  180°;  and  for  a 
cosine,  near  to  90°  or  270°.  In  other  cases  they  cannot  be  depended  on 
to  give  the  seconds  accurately.  They  are,  however,  sufficient  for  many 
calculations ;  particularly,  when  the  nature  of  the  problem  does  not  make 
it  necessary  that  the  required  arc  or  angle  should  be  determined  with 
gieat  accuracy. 

As  almost  every  mathematical  student  is  furnished  with  a  set  of  such 
tables,  and  as  an  example  worked  by  them  will  serve  as  well  to  illustrate 
a  rule,  as  if  worked  by  those  which  are  more  extensive,  they  will  be  used, 
when  necessary,  in  working  the  examples  and  questions  in  the  following 
problems. 

Ohservationa,  relative  to  the  Signs  of  the  Logarithms  of  natural  NunAers. 

When  the  logarithm  of  a  natural  number  is  used  in  calculation,  its  sign 
is  affirmative  or  negative,  according  to  that  of  the  number. 

When  the  natural  number  is  a  decimal,  in  order  to  avoid  a  difficulty 
with  respect  to  the  sign,  the  arithmetical  complement  of  the  index  is  used. 
Thus,  when  there  is  no  cypher  between  the  decimal  point  and  first  signi- 
ficant figure,  the  index  is  9 ;  when  there  is  one  cypher,  the  index  is  8  ; 
when  there  are  two  cyphers,  the  index  is  7  ;  and  so  on.     Thus, 


Digitized  by  LjOOQ IC 


ASTRONOMY.  259 

The  lognitbin  of  .%!  is  9.4dlS6 
of  .027  is  8.43136 
of— .027  is  — 8.43136 
of  .0027  is  7.43136 
of— .0027  is  — 7.43136 

When,  in  order  to  get  tbe  product  or  quotient  of  quantities  several 
logarithms,  or  logarithms  and  the  arithmetical  complements  of  logarithms, 
are  added  together,  if  they  are  all  affirmative,  or  if  there  is  an  eten  num- 
ber of  negative  ones,  the  resulting  logarithm  will  be  affirmative ;  but  if 
there  is  an  odd  number  of  negative  ones,  the  resulting  logarithm  will  be 
oegative. 

When  tlie  resulting  logarithm  of  a  calculation  is  the  logarithm  of  a 
natural  number,  the  numbe)'  willi>e  affirmative  or  negative,  according  to 
tiie  sign  of  the  logarithm. 

When  in  any  of  the  calculations  on  the  following  problems,  the  result- 
ing logarithm  is  the  logarithm  of  a  natural  number,  if  the  index  is  9,  or 
near  to  9,  as  8,  7,  &c  the  number  will  be  a  decimal.  When  the  index 
is  9,  there  must  be  no  cypher  between  the  decimal  point  and  first  signifi- 
cant figure.  When  the  index' is  8,  there  must  be  one  cypher  ;  when  the 
index  is  7,  there  must  be  two  cyphers ;  and  so  on. 


PROBLEMS  FOR  MAKING  VARIOUS  ASTRONO- 
MICAL  CALCULATIONS. 

PROBLEM  !.• 

To  toarky  by  logistical  logarithms,  a  proportion^  the  terms  of  which  are 
minutes  and  seconds  of  a  degree,  or  of  time^  or  hours  and  minutes. 

With  the  minutes  at  the  top  and  seconds  at  tbe  side,  or  if  a  term  con- 
sists of  hours  and  minutes,  with  the  hours  at  the  top  and  minutes  at  the 
nde,  take  from  table  LXX,  the  logistical  logarithms  of  the  three  given 
terms,  and  proceed  in  the  usual  manner  of  working  a  proportion  by 
logarithms.  The  quantity,  in  the  table,  corresponding  to  the  resulting 
logarithm,  will  be  the  fourth  term. 

Note  1.  The  logistical  logarithm  of  60'  is  0. 

2.  The  student  will  easily  perceive  that  proportions  that  are  work- 
ed by  logistical  logarithms,  may  also  be  worked  by  the  common  rule  in 
arithmetic. 

*  Perhaps,  in  strict  langoage,  this  and  a  few  of  the  following  problems  are  not  pro- 
perly called  astronomical.  They  are,  however,  for  performing  subsidiary  operations 
in  astronomical  calculations. 
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Exam.  1.  When  the  moon's  hourly  motion  b  31'  57",  what  is  its  motion 

in  39  m.  22  sec.  ?    Ana.  20'  58". 

As  60  m. 0 

:  39  m.  22  sec.         -         -         -         1830 
:  :   31'  67"  ....     2737 

:   20'  68"         ....         4567 

2.  If  (he  moon's  declination  change  2^  29'  in  12  hours,  what  will  be 
the  change  in  8  h.  2]  m.  ?    Ana,  T  44'. 

As  12  h 6990 

:     8h.  21m.  -         -         -         8565 

::     2°29'  -         -         -         -  13831 


22396 


:    l°4r  •         .         .       15406 

3.  When  the  sun's  hourly  molion  is  2'  31",  what  is  its  motion  in  17  ro. 
18 sec?    Ans.  0'  44". 

4.  When  the  sun's  declination  changes  22'  14"  in  24  hours^  what  is  it8 
change  in  19  h.  25  m.  ?    Am.  IT  59". 

PROBLEM  II. 

From  a  table  in  which  quantities  are  given f  for  each  Sign  and  Degree  ef 
the  circlCf  to  find  the  quantity  corresponding  to  Signs^  Degrees^  Minutes^ 
and  Seconds. 

Takeoul,  from  the  table,  (he  quahti(y  corresponding  (o  the  given  signs 
and  degrees  ;  also  take  the  difference  between  (his  quantity  and  the  next 
following  one.  Then  60'  ;  odd  minutes  and  seconds  :  :  (bis  difference  : 
a  fourth  term.  This  fourth  term  added  to  (he  quantity  taken  out,  when 
the  quantities  in  the  table  are  increasing  ;  but  subtracted,  when  they  ate 
decreasing,  will  give  the  required  quantity. 

Note  1.  When  the  quantities  change  but  little  from  degree  to  degree, 
the  required  quantity  may  frequently  be  estimated,  without  the  trouble  of 
making  a  proportion. 

Note  2.  The  given  quantity  with  which  a  quantity  is  taken  from  a  table, 
is  called  the  Argument. 

Note  3.  In  many  tables,  the  argument  is  given  in  parts  of  the  circle^ 
supposed  to  be  divided  into  a  100,  a  1000,  or  10,000,  6lc.  parts.  The 
method  of  taking  quantities  from  such  tables  is  the  same  as  is  given  in  the 
above  rule  ;  except  that  when  the  argument  changes  by  10,  the  first  term 
of  the  proportion  must  be  10,  ^^J  the  second,  the  odd  units ;  when  the 
argument  changes  by  100,  the  g  ^  term  must  be  100,  and  the  second, 
the  odd  parts  between  hundreds  •  ^   ^  fU)  on. 
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Exam.  1;  Given  the  argument  1«  9^  31'  26">  (o  find  the  corresponding 
quantity  in  table  XXXII.     Aw.  ll"*  13'  51". 
!•  9°  gives  11°  11'  lb". 

The  difference  between  11°  IT  15''  and  the  next  following  quantity  in 
the  table  is  5"  9"'. 

As  60'  :  3r  26"  : :  6'       9"  :  2'  42''.* 
To  11°     11'     16" 

Add  2     42 


11         13     67 

2.  Given  the  argiiment  10«  13^  16'  64"»  to  find  the  correspondiog 
quantity  in  table  XXXV.     Ans.  93°  32'  37". 

10*  13°  gives  93°  33'  40". 

The  difference  between  93°  33'  40^  and  the  next  following  quantity  in 
the  Ubio,  is  3'  43'. 

As  60'  :  16'  64"  :  :  S'  43"  :  1'  3" 
From  93°      33'  40^ 

Take  1      3 


93      32     37 


3.  Given  the  argument  4'  1 1°  67'  10",  to  find  the  corresponding  quan- 
tity in  table  XIII.     Ans.  3°  24'  12". 

4.  Given  the  argument  3721,  to  find  Ihe  corresponding  quantity  in 
table  XXV.    Ans.  4'  52". 


PROBLEM  III. 


To  concert  Degrees^  Mlnuk9,  and  Seconds  of  the  Equator  into  Time. 

Multipiy  the  quantity  by  4,  and  call  the  product  of  the  seconds,  thirds ; 
of  the  minutes,  seconds ;  and  of  tfie  degrees,  minutes. 

Exam.  1.  Convert  72°  1 7' 42  '  into  time. 

72°  ir  42" 
4 


4  h.  49 m.  10 sec. 48'".  a  4 h.  49 m.  II  see.  nearly. 

2.  Convert  1 17°  12'  30"  into  time.     Ans,  7  h.  48  m.  50  sec. 

3.  Convert  21°  52'  27"  into  time.     Ans.  1  h.  27  m.  30  sec. 

*  The  studeiit  can  work  the  proportion,  either  by  eommoa  arithmetie,  or  by  logistical 
logaritbms^as  he  may  pfreftr. 
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PROBLEM  IV. 

To  conoert  Time  into  Degrees,  MimOess  and  Seconds. 

Reduce  the  time  to  minutes,  or  minutes  and  seconds ;  divide  by  4,  and 
call  the  quotient  of  the  minutes,  degrees ;  of  the  seconds,  minutes  ;  and 
multiply  the  remainder  by  15,  for  the  seconds. 

EzAiE.  1.     Convert  6  h.  41  m,  10  sec.  into  degrees,  dec. 

b.    m.    sec. 
5     41     10 

60 


4)341    10 


eff"  17'  30" 

2.  Convert  7  h.  48  m.  50  sec.  into  degrees,  6dc.    Ans*  1 17^  l^'  30^'. 

3.  Convert  1 1  fa.  17  m.  21  sec.  into  degrees,  6^.    Ans.  169"^  20'  15". 


PROBLEM  V. 

The  Longitude  of  two  Places^  and  the  Time  at  one  of  them  bang  gioen^  to 
find  the  corresponding  Time  at  the  other. 

Express  the  given  time  astronomically.  Thus,  when  it  is  in  the  morn- 
ing, add  ]  2  hours,  and  diminish  the  number  of  the  day  by  a  unit.  When 
the  given  time  is  in  the  afternoon,  it  is  already  in  astronomical  time. 

Find  the  difference  of  longitude  of  the  two  places,  by  subtracting  the 
less  longitude  from  the  greater,  when  they  are  both  of  the  same  name, 
that  is,  both  east,  or  both  west ;  but  by  adding  the  two  longitudes  together, 
when  they  are  of  different  names.  When  one  of  the  places  is  Greenwich, 
the  longitude  of  the  other  is  the  difference  of  longitude. 

Then,  if  the  place,  at  which  the  time  is  required,  is  to  the  east  of  the 
other  place,  add  the  difference  of  longitude,  in  time,  to  the  given  time ; 
but  if  it  is  to  the  west,  subtract  the  difference  of  longitude  from  the  given 
time.     The  sum  or  remainder  is  the  required  ^rae. 

Note.  The  longitudes  of  the  places  mentioned  in  the  following  examfdeB, 
are  given  in  table  L 

Exam.  1.  When  it  is  August  8th,  2  h.  12  m.  17  sec.  A.  M.  at  Green- 
wich, what  is  the  time  as  reckoned  at  Philadelphia  ? 

d.  h.  m.  sec. 
Time  at  Greenwich,  Augu8^»        -        7141217 
Diff.  of  Long.,  ,         -         -  6    0  40 


Time  at  PhiladeJplij^  7    9  1 1  37  P.  M. 
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2.  Wbm  it  is  April  1  Itb,  3  b.  15  in.  20  sec.  P.  M.  at  New  York,  what 
is  the  correspondiog  lime  at  Greenwich  ? 

d.  b.  m.  sec. 
Time  at  New  York»  April,  11  3  15  20 

Differ,  of  Long,,        -        -  4  56     4 


Time  at  Greenwich,  11  8  11  24  P.M. 

3.  When  i(  is  Sept.  10th,  3  b.  20m.  35  sec.  P.  M.  at  Paris,  what  is  the 
time  as  reckoned  at  New  Haven  ? 

b.  m.  sec. 
Longitude  of  Paris,        -        -       0    9  21E. 
do.      of  New  Haven,  4  51  51 W. 


Diff.  ofLong.,      -        -        -        5     1   12 

d.    b.  m.  sec. 
Time  at  Paris,  September,  10    3  20  35 

Diff.  of  Long.,        -        .        -  5     1   12 

Time  at  New  Haven,        •  9  22  19  ^ 

Or  Sept.  lOtb,  10  b.  19  m.  23  sec.  A.  M. 

4.  When  it  is  January  15tb,  9  b.  12  m.  10  sec.  P.  M.  at  Washington, 
what  is  the  corresponding  lime  at  Berlin?  Ans.  Sept.  16,3b.  13m. 
52  sec.  A.  M. 

5.  When  it  is  Oct.  5tb,  7  b.  8  m.  A.  M.  at  Quebec,  what  is  the  time  at 
Richmond  ?     Ans,  Oct.  5th.  6  h.  43  m.  18  sec.  A.  M. 

6.  When  it  is  noon  of  the  10th  of  June  at  Greenwich,  what  is  the 
time  at  Philadelphia  ?     Ans.  June  lOtb,  6  h.  59  m.  20  sec.  A.  M. 

PROBLEM  VL 

I%e  Apparent  Time  being  gwen,  to  find  the  corresponding  Mean  Time; 
or  the  Mean  Time  being  given,  to  find  the  Apparent. 

When  the  given  time  is  not  for  the  meridian  of  Greenwich,  reduce  it  to 
that  meridian  by  the  last  problem.  Then,  from  the  tables,  lake  out  the 
son's  Mean  Longitude  corresponding  to  this  time.  Thus,  from  table  VII, 
take  the  longitude  corresponding  to  the  given  year;  and  from  tables  VIII, 
XI,  and  XII,  take  the  motions  in  longitude  for  the  months,  days,  &c. 
The  sum,  rejecting  12  signs,  when  it  exceeds  that  quantity,  will  be  the 
Bun^s  Mean  Longitude,  as  given  by  the  tables. 

With  the  sun's  Mean  Longitude,  thus  found,  take  the  Equation  of  Time 
from  table  XVII.  Then,  when  Apparent  Time  is  given,  apply  the  equa- 
tion with  the  Sign  it  has  in  the  table ;  but  when  Mean  Time  is  given, 
apply  it  with  a  contrary  Sign  ;  the  result  will  be  the  Mean  or  Apparent 
Time  required. 

Note  1.  In  taking  the  sun's  longitude  from  the  table?,  it  is  not  neces- 
sary to  regard  the  seconds  in  the  given  time. 
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Nate  t.  The  Sun^a  Mean  Longitude,  found  from  the  Ubies  in  this 
work,  is  always  two  degrees  less  than  its  true  value ;  but  this  difference  is 
allowed  for,  in  arranging  the  numbers  in  table  XVI I. 

Note  3.  The  Equation  of  Time  is  given  in  the  Nautical  Almanac  for 
each  day  in  the  year,  at  noon,  on  the  meridian  .of  Greenwich,  and  can 
easily  be  found  for  any  intermediate  time  by  proportion. 

Exam.  1.  On  the  15th  of  August,  1891,  when  it  is  8  h.  15  m.  12  sec. 
A.  M.  mean  time  at  Philadelphia,  what  is  the  apparent  time  at  the  same 
place  ? 

d.    b.   m.  sec. 
Time  at  Philadelphia,  August  1821,        14  20  15  12 
Diff.  of  Long.,     ....  5     0  40 


Time  at  Greenwich,      -        -        -  15     1   15  52 

M.  Long* 

1821 9*    8^  48'   19" 

August          *         -         -         -         -  6    28    57    26 

15  d 13    47    57 

I  h,               2    28 

16  m.       -         -         .         -         .  .                    39 


Mean  Long.     -        -         -         -  4    21    36    49 

The  equation  of  time  in  table  XVII,  corresponding  to  4«  2^  36'  49"  is 
+  4  m.  13  sec, 

d.    h.    m.  sec. 
Mean  Time  at  Philadelphia,  August  1821,     14  20  15  12      . 
Equation  of  time,  sign  changed         -         .  —     4   13 


Apparent  time  -         -         -         -         14  20  10  59 

Or,  August  1821,  15  d.  8  b.  10  m.  69  sec.  A.  M. 

2.  On  the  18th  of  October,  1821,  when  it  is  3  h.  21  m.  17  sec.  P.  M. 
apparent  time  at  Philadelphia,  what  is  the  mean  time  at  Greenwich  ? 

d.  h.  m.  sec. 
Time  at  Philadelphia,  October  1821,     18  3  21    17 
DifT.  of  Long 5     0  40 


Time  at  Greenwich  -         -         -         18  8  21  57 
M.  Long. 

1821  9*    8°  48'  19" 

October  8  29      4  54 

I8d.  16    45  22 

8  h.  19  .43 

22  m.  54 

M.  Long.  €^"^1^  ^2  Equat.  of  time —  14  ni.  48a€C. 


b^  12  Equat.  ofl 
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d.  h.  in«  see. 
Appar.  Time  at  Greeuwicli,  Oct.  1821,     18  8  22     3 
Equation  of  time        -        -        -        -  — 14  48 


Mean  Time  at  Greenwich  -         18  8    7  15 

3.  On  the  16tbof  May,  1821,  when  it  is  7h.  12  m.  P.  M.  mean  time 
at  Greenwich,  what  is  the  apparent  time  at  Boston  ? 

Ans.  2h.  31  m.  40  gee.  P.  M. 

4.  On  the  17th  of  September,  1 82 1 ,  when  it  is  10  h.  26  m.  32 sec.  A.  M. 
apparent  time  at  New  York,  what  is  the  mean  time  at  Greenwich  ? 

Am.  3h.  16  m.  I  sec.  P.  M. 

PROBLEM  Vn. 

To  Jind  the  Sun^g  LongUuckf  Semidiameieri  and  Hourly  MoHoni  and 
the  apparent  Obliquity  of  the  EclipHc,for  a  gioen  time  f  from  the  Tahlee, 

Far  the  Longitude. 

When  the  given  time  is  not  for  the  meridian  of  Greenwich,  reduce  it  to 
that  meridian  by  Prob.  V  ;  and  if  it  is  apparent  time  reduce  it  to  mean 
time  by  the  last  problem.  • 

With  the  mean  time  at  Greenwich,  take  from  tables  VH,  VIII,  Xf,  and 
XII,  the  quantities  corresponding  to  the  year,  month,  day,  hour,  minute, 
and  second,  and  find  their  sums.*  The  sum  in  the  column  of  mean  lon- 
gitudes will  be  the  tabular  mean  longitude  of  the  sun  ;  the  sum  in  the 
column  of  perigee,  will  be  the  tabular  longitude  of  the  perigee  ;  and  the 
sums  in  the  columns  I,  II,  HI,  and  N,  will  be  the  arguments  for  the  small 
equations  of  th/9  sun's  longitude,  and  fer  the  equation  of  the  equinoxes, 
which  forms  one  of  them. 

Substract  the  longitude  of  the  perigee  from  the  sun's  mean  longitude, 
borrowing  12  signs  when  necessary;  the  remainder  is  the  sun's  Mean 
Anomaly.  With  the  mean  anomaly  take  the  equation  of  the  sun*s  centre 
from  table  XIII;  and  with  the  arguments  I,  II,  and  III,  take  the  corres- 
ponding equations  from  table  XIV.  The  equation  of  the  centre  and  the 
three  other  equations,  added  to  the  mean  longitude,  gives  the  sun's  true 
longitude,  reckoned  from  the  mean  equinox. 

Witb  the  argument  N,  take  the  equation  of  the  equinoxes,  or  which  is 
the  same  thing,  the  nutation  in  longitude,  from  table  XVI,  and  apply  it» 
according  to  its  sign,  to  the  true  longitude  already  found,  and  the  result 
will  be  the  true  longitude,  from  the  apparent  equinox. 

*  In  adding  quantities  that  aro  expressed  in  signs,  degrees,  dtc^  reject  13  or  24  fligos, 
when  the  sum  exceeds  either  of  these  qaantities.  In  adding  any  arguments,  expressed 
in  100,  or  1000,  &rC.  parts  of  the  circle,  when  they  are  expressed  by  two  figures,  reject 
the  hundreds  from  the  sum ;  when  by  three  fignres,  the  thousands ;  and  when  by  four 
figures,  the  ton  thousands. 

34 
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For  the  Semidiameter  and  Haurlp  Motiaiu 

With  the  sun's  Mean  Anomaly,  take  the  Hourly  Motion  and  Bem^ 
diameter,  from  tables  IX  and  X. 


For  the  Apparent  Obliquity  of  the  EdipOc. 

To  the  Mean  Obliquity,  taken  from  table  XV,  apply,  according  to  its 
sign,  the  Natation  in  Obliquity,  taken  from  table  XVI,  with  the  argument 
N,  and  the  result  will  be  the  Apparent  Obliquily. 

Note*  In  the  Nautical  Almanac  the  sun's  Longitude  and  Semidiameter  are 
given  for  each  day  in  the  year  at  mean  noon ;  and  the  Apparent  Obliquity 
of  the  Ecliptic  is  given  for  every  tenth  day  in  the  year»  Either  of  these 
quantities  may  easily  be  found  for  any  intermediate  times  by  proportion^ 
The  sun's  Hourly  Motion  may  be  found  for  any  time  by  taking  a  24tb 
part  of  the  difierence  between  the  longitudes  at  the  preceding  and  follow- 
ing noons. 

EzAH.  1.  Required  the  sun's  Longitude,  Hourly  Motion,  and  Semi* 
diameter,  and  the  Apparent  Obliquity  of  the  Ecliptic,  on  the  18th  of 
October,  1821,  at  S  h.  20  m.  24  sec*  P.  M.  mean  lime  at  Philadelphia. 

d.  h.  ro.  sec* 
Mean  time  at  Philadelphia,  Oct.  1821,  18  3  20  24 
Diff.  of  Long.  ....  5    0  40 


Mean  time  at  Greenwich 


18  8  21     4 


1891 

Octob. 

18  d. 

8h. 

21  ID. 
4  860. 


Eq.  SuQ*B  cent 
I. 
II. 
HI. 


NuUtion. 
Sun's  true  long. 


M.  Long. 


9m    &>4sr  ir 

.8    29      4    54 

16    45    23 

19    43 

53 

0 


6 

34 

59 

10 

8 

35 
4 

10 
6 

6 

25 

8 

5 

-f 

9 

6    25      8    14 


Long.  Perigee. 


9« 


70  50'  43" 
46 
3 
0 


9      7    51  -33 
6    24    59    10 


250 

574 

11 


n 


782 

684 

43 

0 


III 


260 

468 

29 

0 


755  509    757     78 


N 


036 

40 

3 

0 


9    17      7    38     MeanAnoouly. 
8an*B  hourlv  Motion     .        .    2"  39'^ 
Sun's  Semidiameter  16     6 


M.  Obliq.  Ecliptic,  1831,  2So  27'  iff' 
NoUtMMi      ...         +     S 


Appar.  Obliqatty 


23    27    54 


2.  Required  the  sun's  longitude,  hourly  motion,  and  semidiameter,  and 
the  obttqoity  of  the  ecliptic,  on  the  19th  of  August,  1821^,  at  7ii.  4  m. 
51  sec.  A.  M.  apparent  time  at  pfiiladelphia.  Ans,  Sun^s  longitude  4* 
26°  6'  28"  ;  hourly  motion  2'  25^/ ,  semidiameter  16'  51"  ;  obliquity  of 
the  ecliptic  23°  27'  55".  f 
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3.  Required  the  sun's  loagitude,  hourly  motion,  and  semidiameter,  and 
the  obliquity  of  the  ecliptic,  on  tlte  21st  of  February,  1824,  at  9b«  6ni. 
23  sec.  P.  M.  mean  time  at  Philadelphia.  Ans.  Sun's  longitude  11«|2^ 
27'  17"  ;  hourly  motion  2"  31"  ;  semidiameter  16'  12"  ;  obliquity  of  the 
ediptic  23^  27'  47". 

PROBLEM  VIII. 

T%e  OUiquiiy  of  the  Ecliptic  and  the  Sun^s  UmgUude  being  given^  to  find 
the  Right  Aecensicn  and  DecUnoHon. 

For  the  Right  Asceiuion, 

To  the  Cosine*  of  the  Obliquity,  add  the  Tangent  of  the  Longitude, 
and  reject  10  from  the  index  ;  the  resulting  logarithm  will  be  the  Tangent 
of  the  Right  Ascension,  whiciAaust  always  be  taken  in  the  same  quadrant 
as  the  Longitude. 

For  the  DecUiuUienm 

To  the  Sine  of  the  Obliquity,  add  the  Sine  of  the  Longitude,  and  reject 
10  from  the  Index  ;  the  resulting  logarithm  will  be  the  Sine  of  the  Decli- 
nation, which  must  always  be  taken  out  less  than  90^;  and  it  will  be  north 
or  south,  according  as  the  sign  is  affirmative  or  negative. 

Note,  The  Sun's  right  ascension,  and  declination  are  given,  in  the 
Nautical  Almanac,  for  each  day  in  the  year.     See  table  LV. 

Exam.  1.  Given  the  obliquity  of  the  ecliptic  23"^  27'  40",  and  the  sun's 
longitude  126^  31'  26",  to  find  the  right  ascension  and  declination. 


cos.  Obliquity 
tan.  Long. 

23** 
126 

127 

23<> 
126 

18 

27' 
31 

63 

27' 
31 

64 

40" 
25 

30 

40" 
26 

23  N. 

9.96263 
—  10,14636 

tan.  Right  Ascen. 

sin.  Obliquity 
sin.  Long. 

-*.  10.10888 

9.60t)02 
9.91066 

sin.  Decl. 

9.61067 

2.  The  obliquity  of  the  ecliptic  being  23°  27'  40",  what  is  the  sun's 
light  ascension  and  declination,  when  his  longitude  is  36°  19'  30"  ? 

Ans.  Right  ascension  33°  1'  43",  and  declination  13°  18'  32^'  N. 

3.  Given  the  obliquity  of  the  ecliptic  23°  27'  60",  and  the  suu's  lon- 
gitude 313°  36'  12'' ;  what  is  the  right  ascension  and  declination? 

Ans.  Right  ascension  316°  4'  30^,  and  declination  16°  46'  29"  S. 

*  By  the  termB  Sine,  Cosine,  Slc.  are  here  meant  the  logarithmic  Sine,  Cosine,  &«• 
The  same  u  to  be  understood  when  the  terms  are  used  iu  the  rules  for  working  any 
of  the  following  problems. 
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PROBLEM  IX. 

Gwen  the  Obliquity  of  the  Ecliptic  and  tlie  Sun's  Right  Ascensiony  to  find 
the  Longitude  atid  Declination. 

For  the  Longitude. 

To  the  arithmetical  complement  of  the  Cosine  of  the  Obliquity,  add  the 
Tangent  of  the  Right  Ascension  ;  and  the  resulting  logarithm  will  be  the 
Tangent  of  the  Longitude,  which  must  be  taken  in  the  same  quadrant  as 
the  Right  Ascension. 

For  the  Declination, 

To  the  Tangent  of  the  Obliquity,  add  the  Sine  of  the  Right  Ascension, 
and  reject  10,  from  the  index  ;  the  resulting  logarithm  will  be  the  Tangent 
of  the  Declination,  which  will  be  north  or  south,  according  as  the  sign  is 
affirmative  or  negative. 

Exam.  L  Given  the  obliquity  of  the  ecliptic  23°  27'  50',  and  the  sun's 
right  ascension  216^  12'  27^' ;  what  is  the  longitude  and  declination  ? 

cos.  Obliquity  23°    27'    60"     Ar.  Co.      0.03748 

tan.  Right  Asc.  215     12     27  9.84857 


tan. 

Long. 

217 

34 

5 

9.88605 

tan. 

Obliquity 

23° 

27' 

60" 

9.63755 

sin. 

Right  Asc. 

215 

12 

27 

—  9.76083 

tan*  Declin. 


14      3      OS. 


9.39838 


2.  When  the  obliquity  of  the  ecliptic  is  23^  27'  50",  and  the  sun's  right 
ascension  53°  31'  20",  what  is  the  longitude  and  declination  ? 

Ans.  Longitude  55°  51'  16",  and  declination  19°  14'  24^  N. 

3.  Given  the  obliquity  of  the  ecliptic  23°  27'  40",  and  the  sun's  right 
ascension  187°  15'  21"  ;  required  the  longitude  and  declination. 

Ans.  Longitude  187°  54'  6",  and  declination  3°  8'  15"  S. 

PROBLEM  X. 

The  OhUquUy  of  the  Ecliptic  and  the  Sun's  Longitude  being  gtoen,  to 
find  the  angle  cfPositian* 

To  the  Tangent  of  the  Obliquity,  add  the  Cosine  of  the  Longitude,  and 
reject  10,  from  the  index ;  the  resulting  logarithm  will  be  the  Tangent  of 
the  angle  of  Position,  which  must  al^^y^  ^^  taken  less  than  90°. 

The  noHbern  part  of  the  circle  q(  latitude  will  be  to  the  West  or  East 
of  the  northerir  part  of  the  circ]^  f  declination,  according  as  the  sign  of 
the  tangent  of  the  Angle  of  Posjy      |g  ajfirmative  or  negative. 
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Exam.  1.  Given  tlie  obliquity  of  the  ecliptic  23^  27'  SO^^and  the  sun's 
longitude  112''  19'  17",  to  find  tbe  angle  of  Position. 

tan.  obliquity  23°   27'    60"  9.63755 

cos.  Long.  112     19     17  —9.57956 


tan.  Angle  of  Posit..        9     21     41  —9.21711 

The  northern  part  of  tbe  circle  of  latitude  lies  to  the  east  of  the  circle 
of  declination* 

2.  Given  the  obliquity  of  the  ecliptic  23°  27'  50",  and  the  sun's  longi- 
tude 77°  47'  30"  ;  what  is  the  angle  of  position  ?  Ans.  5°  14'  40' ;  and 
the  northern  part  of  the  circle  of  latitude  lies  to  the  west  of  tbe  circle  of 
declination. 

3.  When  the  obliquity  of  the  ecliptic  is  23°  27'  60",  and  the  sun's  lon- 
gitude 225°  41'  12",  what  is  the  angle  of  position?  Ana.  16°  15'  7"  ; 
and  the  northern  part  of  the  circle  of  latitude  lies  to  the  east  of  the  circle 
of  declination. 

PROBLEM  XL 

To  Jindy  from  the  Tables^  the  Maori*  a  Longitude,  Latitude^  Equatorial 
ParaUaXf  Semidiameterf  and  Hourly  Motiana,  in  Longitude  and  Latitude^ 
far  a  given  time* 

When  the  given  time  is  not  for  the  meridian  of  Greenwich,  reduce  it 
to  that  meridian  ;  and  when  it  is  apparent  time  reduce  it  to  mean  time. 

With  the  mean  time  at  Greenwich,  take  out,  from  tables  XX,  XXI, 
XXII,  XXIII,  and  XXIV,  the  arguments,  numbered  1,  2,  3,  dec,  to  20, 
and  find  their  sums,  rejecting  the  ten  thousands,  in  the  first  nine,  and  the 
tliouaands  in  the  others.  Tbe  resulting  quantities  will  be  the  arguments 
tor  the  first  twenty  equations  of  Longitude. 

With  the  same  time,  and  from  the  same  tables,  take  out  tbe  remaining 
arguments  and  quantities,  entitled  Evection,  Anomaly,  Variation,  Longi- 
tude, Supplement  of  the  Node,  II,  V,  VI,  VII,  VIII,  IX,  and  X  ;  and  add 
quantities  in  tbe  column  for  the  Supplement  of  the  Node. 

For  the  Longitude* 

With  the  first  twenty  arguments  of  longitude,  take,  from  tables  XXV 
to  XXX,  the  corresponding  equations,  and  place  their  sum  in  the  column 
of  Evection.  Then,  the  sum  of  the  quantities  in  this  column  wDI  be  the 
corrected  argument  of  Evection. 

With  the  corrected  argument  of  Evection,  take  the  Evection  from  table 
XXXI,  and  add  it  to  the  sum  of  the  preceding  equations.  Place  the 
resulting  sum  in  the  column  of  Anomaly.  Then,  the  sum  of  the  quantities 
in  this  column  will  be  the  corrected  Anomaly. 

With  tbe  corrected  Anomaly,  take  the  Equation  of  the  Centre  from 
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table  XXXII>  and  add  it  to  the  sum  of  all  the  preceding  equations!  Pkce 
the  resulting  sum  in  the  column  of  variation.  Then,  the  sum  of  the  quan- 
tities in  this  column  will  be  the  corrected  argument  of  variation. 

With  the  corrected  argument  of  Variation,  take  the  variation  from  table 

XXXIII,  and  add  it  to  the  sum  of  all  the  preceding  equations ;  the  result 
Will  be  the  sum  of  the  first  twenty-three  equations  of  the  Longitude. 
Place  this  sum  in  the  column  of  Longitude.  Then,  the  sum  of  the  quan- 
tities in  this  column  will  be  the  Orbit  Longitude  of  the  Moon,  reckoned 
from  the  mean  equinox. 

Add  the  Orbit  Longitude  to  the  Supplement  of  the  Node.  The  result 
will  be  the  argument  of  the  Reduction.  It  will  also  be  the  first  argument 
of  Latitude. 

With  the  argument  of  Reduction,  take  the  Reduction  from  table 

XXXIV,  and  add  it  to  the  Orbit  Longitude.  Also,  with  the  19th  argu- 
ment, which  is  the  same  as  argument  N,  for  the  Sun's  Longitude,  take  the 
Nutation  in  Longitude,  from  table  XVIH,  and  apply  it,  according  to  its 
sign,  to  the  last  sum.  The  result  will  be  the  Moon's  true  Longitude  from 
the  Apparent  equinox. 

Fwr  the  LatUude. 

Place  the  sum  of  the  first  twenty>three  equations  of  Longitude,  taken  to 
the  nearest  minute,  in  the  column  of  Arg.  IL  Then  the  subb  of  the  quan- 
tities in  this  column  will  be  Arg.  II  of  Latitude,  corrected.  The  Moon's 
true  Longitude  is  the  3d  argument  of  Latitude.  The  20th  argument  of 
Longitude  is  the  4th  argument  of  Latitude.  Convert  the  degrees  and 
minutes,  in  the  sum  of  the  first  twenty-three  equations  of  Longitude,  into 
tthousandth  parts  of  the  circle,  by  taking  from  table  XXXVIII,  the  num- 
ber corresponding  to  them.  Place  this  number  in  the  columns  V,  VI, 
VII,  YlII,  and  IX ;  but  not  in  column  X.  Then  the  sums  of  tlie 
^quantities  in  columns,  V,  VI,  VII,  VIII,  IX,  and  X,  rejecting  the  thou- 
sands, will  be  the  5th,  6th,  7th,  8tb,  9th,  and  lOth  arguments  of  Latitude. 

With  the  sum  of  the  Supplement  of  the  Node,  and  the  Moon's  Orbit 
Longitude,  which  is  Arg.  1  of  Latitude,  take  the  Moon's  distance  from 
4he  North  Pole  of  the  Ecliptic^  from  table  XXXV;  and  with  the  remain- 
ing nine  arguments,  take  the  corresponding  equations  from  tables  XXXVI, 
XXXVII,  and  XXXIX. '  The  sum  of  these  ten  quantities  will  be  the 
Moon's  true  distance  from  the  North  Pole  of  the  Ecliptic*  The  difference 
between  this  distance  and  90°,  will  be  the  Moon's  true  latitude ;  which 
will  be  Narih  or  South  according  as  the  distance  is  les9  or  greaier  tbao 
90°. 

For  tie  Equatorial  Parallax. 

With  the  corrected  argunieni  Ejection,  Anomaly,  and  Variation,  take 
the  corresponding  quantities  /;  ^^  tables  XL,  XLI,  and  XLII.  Their 
sum  will  be  the  Equatorial  pj^^^ ^<. 
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For  the  Semidiameter. 

With  the  Equatorial  ParaUel,  take  the  Moon's  Semidiameter  from  table 
XLIV. 

Far  the  Howiy  MoiUm  in  Longitude* 

With  the  arguments,  2,  3,  4,  and  6,  of  Longitude,  rejecting  the  two 
right  hand  figures  in  each,  take  the  corresponding  equations  from  table 
XLVI.  Also  with  the  correct  argument  of  Evection,  take  the  equation 
from  table  XLVJJ. 

With  (he  sum  of  the  preceding  equations  at  top,  and  the  correct  ano- 
maly at  the  side,  take  the  equation  from  table  XLVIII.  Also  with  the 
eorrect  anomaly  take  the  equation  from  table  XLIX. 

With  the  sum  of  all  the  preceding  equations  at  the  top,  and  the  correct 
argument  of  Variation  at  the  side,  take  the  equation  from  table  L«  With 
the  correct  argument  of  Variation,  take  the  equation  from  table  LI.  And 
with  the  argument  of  Reduction,  take  the  equation  from  table  LIL  These 
three  equations  added  to  the  sum  of  all  the  preceding  ones,  will  give  the  ' 
Moon's  Hourly  Motion  in  Longitude. 

For  the  Hourly  Motion  in  Latitude. 

With  the  1st  and  2d  arguments  of  Latitude,  take  the  corresponding 
quantities  from  tables  LIII  and  LIV,  and  find  their  sum,  attending  to  the 
signs.  Then  32'  56"  :  the  moon's  true  hourly  motion  in  Longitude  :  : 
this  sttm  :  the  moon's  true  hourly  motion  in  Latitude.  When  the  sign  is 
affirmative,  the  moon  is  tending  north ;  and  when  it  is  negative,  she  is 
tending  south. 

ExAX.  1  •  Required  the  moon's  longitude,  latitude,  equatorial  parallax^ 
semidiameter,  and  hourly  motions  in  longitude  and  latitude,  on  the  6th  of 
August,  1821,  at  8  h.  46  m.  23  sec*  A.  M.  moan  time  at  Philadelphiai. 

d.  h.  m.  sec. 
Mean  time  at  Philadelphia,  Atigust,         5  20  46  33 
Diff.  of  Long.,        ....  6    0  40 


Mean  time  at  Greenwich,  August,  6     1  47  iS^ 
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2.  Required  the  moon's  longitude,  latitude,  equatorial  paraMax,  semi- 
diameter,  and  hourly  motions  in  longitude  and  latitude,  on  the  27th  of 
April,  1821,  at  9  h.  43  m.  SO  sec.  P.  M«  mean  time  at  Baltimore.  Ans» 
Long.  11*  13°  32'  13";  lat.  6'  58''  N.  equat.  par.  60'  0";  semidiam. 
16'  21";  hor.  mot«  in  long.  36'  1 1" ;  and  hor.  mot.  in  lat.  3'  14",  tending 
north. 

3.  What  will  be  the  moon's  longitude,  latitude,  equatorial  parallax, 
semidiameter,  and  hourly  motions  in  longitude  and  latitude,  on  the  19th  of 
August,  1822,  at  5  h.  56  m.  14  sec.  P.  M.  mean  time  at  Philadelphia  ? 
Ans.  Juong.  6»  3^  7'  12" ;  lat.  3^  51'  35"  S. ;  equat,  par.  56'  19";  semi- 
diam.  15'  21";  hor.  mot.  in  long.  32'  7";  and  hor.  moU  in  laU  2"  1", 
tending  south. 

PROBLEM  XII. 

To  find  the  Moon's  Longitude^  LatUudet  Hourly  Motums,  Equatorial 
ParaUaXy  and  Semidiameter^  for  a  given  Time,  from  the  NatUieai 
Almamae, 

Reduce  the  given  time  to  Apparent  time  at  Greenwich.    Then, 

For  the  Longitude. 

Take  from  the  Nautical  Almanac,  the  two  longitudes,  for  the  noon  and 
midnight,  or  midnight  and  noon,  next  preceding  the  time  at  Greenwich, 
and  also  the  two  immediately  following  these,  and  set  them  in  succession, 
one  under  another.  Then,  having  regard  to  the  signs,  subtract  each  lon- 
gitude from  the  next  following  one,  and  the  three  remainders  will  be  the 
firet  differences.  Call  the  middle  one  A.  Subtract  each  first  difference 
from  the  following,  for  the  second  differences.  Take  the  half  sum  of  the 
second  differences,  and  call  it  B. 

Call  the  excess  of  the  given  time  at  Greenwich,' above  the  time  of  the 
second  longitude,  T.  Then  12  h  :  T : :  A  :  fourth  term,  which  must  have 
the  same  sign  as  A. 

With  the  time  T  at  the  side,  take  from  table  LVI  the  quantities  corres- 
ponding to  the  minutes,  tens  of  seconds,  and  seconds  of  B,  at  the  top,  the 
sum  of  tlfese,  with  a  contrary  sign  to  that  of  B,  will  be  the  correction  of 
second  differences. 

The  sum  of  the  second  longitude,  the  fourth  term,  and  the  correction  of 
second  differences,  having  regard  to  the  signs,  will  be  the  required  longi- 
tude. 

For  the  Hourly  Motion  in  Longitude. 

To  the  logistical  logarithm  of  Jf  of  T,  add  the  logistical  logarithm  of 
B,  and  find  the  quantity  corresnonding  ^^  ^^®  sum.  Call  this  quantity  E, 
and  prefix  to  it  the  same  sign  sa  ifl8^  ^^  ^* 

Or  E  may  be  found  witbot^  »  ^r**^^™ » ^^^^  12  h.  :  T  : :  B  :  E. 
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Divide  the  mim  of  A,  j  B  with  is  sign  changed,  and  E,  by  IS,  and  Ihe 
quotient  will  be  the  required  hoarly  motion  in  longitude. 

For  the  Latitude. 

Prefix  to  norik  latitudes  the  qffirmatwe  sign,  but  to  south  latitudes  the 
negative  sign,  and  then  proceed  in  the  same  manner  as  for  the  longitude. 
The  resulting  latitude  will  be  north  or  south,  according  as  itsjsign  is  affirm- 
alive  or  negaivoe. 

Note,  The  Moon*8  Declination  may  be  found  in  the  same  manner. 

For  the  Hourly  Motion  in  Latitude. 

With  T,  and  the  values  that  A  and  B  have,  in  finding  the  latitude^  find 
the  hourly  motion  in  latitude,  in  the  same  manner  as  directed  for  finding 
the  hourly  motion  in  longitude.  When  the  resulting  hourly  motion  io 
latitude  is  afirmatwef  the  moon  is  tending  north ;  and  when  it  is  negativet 
she  is  tending  eoiith. 

For  the  Semidiameter  and  Equatorial  ParaUax. 

The  moon's  semidiameter  and  equatorial,  horizontal  parallax,  may  be 
taken  from  the  Nautical  Almanac  with  sufficient  accuracy  by  simply  pro- 
portioning for  the  odd  time  between  noon  and  midnight  or  midnight  and 
noon. 

ExAX.  1.  Required  the  moon^s  longitude,  latitude,  equatorial  parallax, 
semidiameter,  and  hourly  motions  in  longitude  and  latitude  from  the 
Nautical  Almanac,  table  LV,  on  the  4th  of  May,  1836,  at  4h.  30  m.  8  sec. 
P.  M.  mean  time  at  Philadelphia. 

d*   h.    m.     sec. 
Mean  time  at  Philadelphia,  May         -         -         4     4     30      8 
Diff.  of  Longitude         -         -         -         -         +       6      0     40 


Mean  time  at  Greenwich,  May, 


4     9     30     48 


For  the  Longitude  and  Hourly  3Totion  in  Longitude. 


3d  niidn. 
4th  noon 
••  midn. 
5th  noon 


Longitudes      | 

260° 

32' 

39.3" 

267 

66 

26.2 

276 

17 

38.7. 

282 

36 

36.1 

1st  diflr.       I 

7 

23 

46.9 

7 

21 

12.6 

7 

17 

67.4 

2d  diff. 

—2'    34.4" 
—8     16.1 


7     21      12.6      —2     64.7 
A  B 


b.      h.    m.    sec. 

12  :  9     30     48  ::  7°  21'    12".6  :  6°  49^    46". 8,  fourth  term. 
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Second  longitude 

. 

. 

- 

267^   5^ 

26.2^ 

Fourth  term     - 

m 

• 

» 

6     49 

46.8 

Cor.  for  2d  diff. 

m 

•         • 

• 

■f 

14.4 

Moon's  true  longitude 

273     46 

27.4 

m. 

sec. 

AT       -       .       - 

47 

34 

L.  L. 

1008 

B           -        . 

—  2' 

—  2 

54".7 
18.5 

L.L.— 

13141 

E       •        -        . 

14149 

A           -        . 

• 

. 

. 

70  21' 

12.5" 

i  B|  sign  changed 

- 

- 

- 

+       1 

27.3 

E 

1 

—      2 

18.5 

2)7     20 

21.3 

Hor.  mot.  in  long. 

• 

- 

- 

36 

41.8 

For  the  Latitude  and  Hourly  Motion  in 

t  Latitude. 

Latitudes         1 

l8t  diff. 

2ddiff 

3d  midn. 

—  2°   41' 

22.2" 

—  33 

—  30 

—  26 

52.6 
26.3 
31.4 

4tb  noon 

—  3     15 

14.8 

+  3     26.3 

"  midn. 
5th  uoon 

—  3     45 

—  4     12 

41.1 
12.6 

+  3     64.9 

- 

—  30 

26.3 

3     40.6 

A 

B 

T  A 

h.      h.    m*   sec. 

12  :  9     30     48  ::  —30' 26.3"  :  —24'  7." 8,  fourth  term. 

Second  latitude —3°   15'    14.8" 

Fourth  term —       24      7.8 

Cor.  for  2d  diff.       -        -        -        -        -        —  18.0 


Moon's  true  latitude 3    39    40.6  S. 


AT 
B 

E 


m.    sec. 
47    33 
3    40.6 


L.  L. 
L.L. 


i  B,  sign  changed 
E      .        . 


2     64.9 

_3(y  26.3" 

.    —    1  50.3 

+    2  54.9 


1008 
12127 

13135 


12)— 29     21.7 


Moon's  hor.  mot.  in  iat.  —  2  ^26,8,  tending  south. 

Moon's  semidi^  ^^  24.2" 

"      ^<l^to^\/^0Si»^  60    11.7 
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2*  Required  the  moon's  longitude,  latitudei  equatorial  parallax,  semi- 
diameter»  and  hourly  motions  in  longitude  and  latitude,  on  the  6th  of  May, 
1836,  at  1  h.  41  m.  40  sec.  P.  M«  mean  time  at  Greenwich. 

Afu.  Long.  297*^  59'  67.1";  lat.  4°  64'  18.6"  S  ;  equal,  par.  69'  16.0"; 
semidiam.  16'  8.7";  hor.  mot.  in  long.  36' 34.9";  hor.  mot.  in  lat.  1' 
13.7",  tending  south. 

Note  1.  When  the  moon's  longitude  and  latitude  are  required  with 
great  precison,  the  third  and  fourth  diHerences  should  be  noticed.  To 
do  this,  take  from  the  ephemeris,  the  three  longitudes  or  latitudes,  pre* 
'  ceding  the  given  time,  and  the  three  following  it,  and  find  the  first,  second, 
third,  and  fourth  differences,  as  directed  in  the  rule,  for  the  first  and  second 
differences.  Call  the  middle  first  difference.  A,  the  half  sum  of  the  two 
middle  second  differences,  B,  the  middle  third  difference,  C,  and  the  half 
sum  of  tlie  fourth  differences,  D.  Then  taking  T,  equal  the  excess  of  the 
given  tmne  above  the  time  of  the  third  longitude  or  latitude,  find  the  fourth 
term  and  the  correction  for  second  differences,  as  directed  in  the  rule. 

With  the  time  T,  and  middle  third  difference,  C,  take  from  table  LVII, 
the  correction  for  third  differences,  which,  when  T  is  less  than  6  hours, 
must  have  the  same  sign  as  C,  but  a  contrary  sign,  when  T  is  more  than 
6  hours. 

With  the  timeT,  and  half  sum  of  fourth  differences,  D,  take  from  table 
LVII  I,  the  correction  for  fourth  differences,  which  must  always  have  the 
same  sign  as  D. 

The  sum  of  the  third  longitude  or  latitude,  the  fourth  term,  and  the 
corrections  for  second,  third,  and  fourth  differences,  having  regard  to  the 
signs  of  all  the  quantities,  will  be  the  longitude  or  latitude  required. 

Note  2.  When  great  precision  is  required  in  the  moon's  parallax  and 
semidiameter,  the  corrections  for  second  differences  should  be  applied  io 
the  same  manner  as  for  the  longitude  or  latitude. 

Taking  the  time,  as  in  the  first  example,  let  the  moon's  longitude  be 
required,  as  corrected  for  third  and  fourth  differences. 


3d  noon 
**  midn. 

4th  noon 
**  midn. 

5tbnoim 
**  midn. 


Third  longitude 

Fourth  term 

Cor.  for  2d  diff. 

«         3d    ** 

a         4th  » 


Longitudes     j 

2530 

r 

3.7" 

260 

32 

39.3 

267 

56 

26.2 

275 

17 

38.7 

282 

35 

36.1 

289 

49 

43.9 

1st  diff. 

70  25'   35.6" 
7    23    46.9 
7    21    12.5 
7    17    574 
7    14      7.8 

2d  diff. 

—  1    48.7 

—  e    34.4 

—  3    15.1 

—  3    49.6 

3d  diff. 

—  45.7" 

—  40.7 
-34.5 

7    21    12.5 
A 

—  2    54.7 
B 

—  40.7 
C 

Moon's  true  longitude 


4th  diff. 


+  5.0" 
+  6J2 


+  5.6 
D 


267^  66'  26.2" 

5    49  46.81 

+  14.31 

+  0.31 

+  0.06 

273     46  27.7 
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PROBLEM  XIH. 

The  Moon's  Equatorial  Parallax^  and  the  Latitude  of  a  Place  being 
given  f  to  find  the  Reduced  Parallax  and  Latitude, 

With  the  Latitude  of  the  place,  take  the  Reductions  from  table  XLIII»* 
and  subtract  tbem  from  the  Parallax  and  Latitude. 

ExAH.  1.  Given  the  equatorial  parallax  54' 31",  and  the  latitude  of 
Philadelphia  39°  57'  N.  to  find  the  reduced  parallax  and  latitude. 

Equatorial  parallax        -        -    '    -        -        -        -     64'    31" 
Reduction  -        • 6 

Reduced  parallax           •        •        •        -         •        •     54     £6 
Latitude  of  Philadelphia,    -        -        -        -        -        39^    57' N. 
Reduction  11 

Reduced  Lat.  of  Philadelphia     -        -        •        •  39    46  N. 

2.  Given  the  equatorial  parallax  60'  0'\  and  the  latitude  of  Boston  42^ 
23'  N"  to  find  the  reduced  parallax  and  latitude.  Am*  Reduced  par. 
59'  65",  and  reduced  lat.  42"*  12'  N. 

3.  Given  the  equatorial  parallax  67'  Sl''^  and  the  latitude  of  Charleston 
82^  50'  N.  to  find  the  reduced  parallax  and  latitude.  Ans.  Reduced 
par.  67'  18",  and  reduced  lat.  32?  40'  N. 

Note.  When  the  reductions  of  parallax  and  latitude  are  required  with 
precision,  they  must  be  taken  from  table  LXXL 

PROBLEM  XIV. 

To  find  the  Mean  Right  Ascension  and  Declination  of  a  Star  for  a  given 
Timeyfrom  the  tables. 

Take  the  difference  between  the  time  for  which  the  table  is  constructed 
and  the  given  time,  and  multiply  the  annual  variation,  by  the  number  of 
years  in  this  difference ;  the  product  will  be  the  variation  for  the  years. 
Reduce  the  odd  time  to  days.*  Then  366  days  :  number  of  days  : :  an- 
nual variation  :  proportional  part.  This  proportional  part,  added  to  Uie 
variation  for  the  years,  will  be  the  whole  variation,  which  applied  4o  the 
quantity  given  in  the  table,  with  its  proper  sign,  when  the  given  time  is 
afler  the  time  for  which  the  table  is  constructed,  but  with  a  contrary  sign 
when  it  is  before,  will  give  the  required  quantity. 

Exam.  Required  the  mean  right  ascension  and  declination  oTReguhiSy 
on  the  15th  of  June,  1821. 

*  Thii,  when  the  given  time  Ib  ^/^^  the  time  for  which  the  table  ie  conBtraeted, 
may  be  done  very  simply  bj  takjo^  ^  ^  |,able  Y,  the  jiumber  of  days  correspoBding 
to  tlie  month,  and  adding  to  it  the  ^  ^^y** 

/ 
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Mean  right  aflcen.  begio.  of  18£0,  (able  XIXt      149''  41'    39" 
Var.  for  1  yr.  166d.      •.       -       .-         .        .      4-        i     10 


Mean  right  ascen.  required        ...         149    42    49 

Mean  declin.  begin,  of  1820,  -        -       .-       12°   60'    36"  N 

Var.  for  lyr,  166d.  -         -         .         .  _  25 

2.  Required  the  mean  right  ascension  and  declination  of  ff  TaurU  on 
the  6th  of  November,  1822.     Ans.  Mean  right  ascen.  78®  46'  29"  and 
•  mean  declin.  28°  26'  63"  N. 


PROBLEM  XV. 

To  find  the  Aberration  of  a  Star,  in  right  Ascension  and  Declinations/or 

a  given  Day. 

Find  the  mean  right  ascension  and  declination  of  the  star,  for  the  given 
time,  by  the  last  problem.  Also  find  the  sun's  true  longitude  for  noon  of 
the  given  day  by  prob.  VII,  or  take  it  from  the  Nautical  Almanac. 

Designate  the  sun's  longitude  by  0,  the  right  ascension  of  the  alar  by 
A,  and  the  declination  by  D. 

With  the  argument  0,  take  the  quantity  x  from  table  LXXXI ;  add  it 
to  0,  attending  to  the  sign  and  from  the  sum  subtract  A.     Then, 

For  the  Aberration  in  Right  Ascension, 

With  argument  0,  take  from  the  table  LXXXI,  the  \og*  a,  with  its 
proper  sign,  and  to  it  add  the  Cosine  of  (0  +  x  —  A),  and  the  arithme- 
tical complement  of  the  Cosine  of  D,  rejecting  the  tens  in  the  index  of  the 
sum.  Tlie  natural  number,  corresponding  to  the  resulting  logarithm,  will 
be  the  aberration  in  right  ascension,  to  be  applied  to  the  mean  right 
ascension. 

For  the  Aberration  in  Declinaiion, 

Add  together  the  log.  a,  the  Sine  of  (0  -|-  a?  —  A),  and  the  Sine  of  D, 
and  reject  the  tens  in  the  index  of  the  sum.  Take  the  natural  number, 
corresponding  to  the  sum,  and  call  it  m.  With  the  arguments  0  +  D  and 
e  —  D,  or  when  the  declination  is  south,  with  these  arguments,  each 
increased  by  Vi  signs,  take  the  corresponding  quantities  from  table 
LXXXIL  The  sum  of  these  quantities,  ancLm,  giving  attention  to  the 
signs,  will  be  the  aberration  in  dechnation,  to  be  applied  to  the  mean 
declination. 

BxAM.  1.  What  are  the  aberrations  in  right  asoension  and  declination, 
of  Regulus^  on  the  Idth  of  June,  1821,  the  sun*s  longitude  on  that  day, 
being  2-  23^  68'  ? 
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Ass  149^  42'    40^' n  mean  right  ascen.  of  Regttius* 
D»    12    60     llNsB  mean  declin.  do. 
e  s      2*   23°   68'  =  sud's  longitude. 
e         -         -         -         -     2*   23°   58' 
a:,  from  table  LXXXI,       +     0     30 


Q  +  X 

A 


2     24     28 
4     29     43 


0  4-  X  —  A      •        -        9 

log.  a,  from  tab.  LXXXI, 

COS.  (0  +  X  —  A) 

cos  D       -         -         -         - 


24     45  r=  294°  45' 

-      —1.3061 

.     294°  4o  9.6219 

12    50  Ar.  Co.  0.0110 


Aber.  in  right  ascen. 

log.  a 

sin  {&  +  X  —  A) 

sin  D  -        - 


— 8.G9" 


294' 
12 


•45' 
50  N. 


—  0.9390 

—  1.30G1 

—  9.9581 
9.3466 


m 


+  4.08" 

Arg.  (0  +  D)  =  3*   6°  48',  gives 
Arg.  (0  —  D)  ==  2  1 1       8,  gives 


0.6108 

+  0.48" 
-     —    1.30 

+    4.08 


Aber.  in  declination 


+    3.26 


2,  Required  the  aberrations  in  right  ascension  and  declination,  of 
Antares^  on  the  1  Uh  of  March,  1821,  the  gun's  longitude  being  11«  20^ 
38'.     Ans,  Aber.  in  right  ascen.  +  6.43",  in  declin.  —  0.74" 

3.  On  the  6th  of  November,  1822,  the  sun's  longitude  will  be  7«  1 3°  32' ; 
what  will  be  the  aberrations  in  right  ascension  and  declination  of  jS  Tauri  ? 
Ana,  Aber.  in  right  ascension  +  18.54',  and  in  declination  +  0.15". 

PROBLEM  XVL 

To  find  the  Nutations  of  a  Star  in  Right  Ascension  and  Declinations/or 

a  given  Time. 

Find  the  Supplement  of  the  Moon's  Node,  from  tables  XX,  XXI  and 
XXII,  and  subtract  it  from  12*  0°  7'  ;  the  remainder  will  be  the  Mean 
Longitude  of  the  Moon's  Ascendinj^  Node. 

Designate  the  right  ascension  of  the  body  by  A,  tlie  declination  by  D, 
and  the  mean  longitude  of  the  moon's  node  by  N. 

With  the  argument  N,  take  the  quantity  B,  from  table  LXXXIII ;  add 
to  it  N,  attedding  to  the  sign,  and  from  the  sum,  subtract  A. 
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For  the  Nutation  in  Right  Ascension. 

With  the  argument  N,  take  from  table  LXXXIII,  the  log.  &,  with  its 
proper  sign,  and  to  it  add  the  Cosine  of  (N  +  B  —  A),  and  the  tange/it 
of  D,  marking  it  negative,  when  the  declination  is  south,  and  reject  the 
tens  in  the  index  of  the  sum.  Apply  the  natural  number  corresponding 
to  the  sum,  to  a  quantity*  taken  from  table  LXXXIV,  with  the  argument 
N,  and  the  result  will  be  tho  nutation  in  right  ascension,  to  be  applied  to 
the  mean  right  ascension. 

For  the  Nutation  in  Decimation, 

To  the  log.  &,  add  the  sine  of  (N  +  B —  A),  or  when  the  declination 
18  south,  the  sine  of  (N  +  B  —  A  +  VI*)  rejecting  the  tens  in  the  index, 
and  the  natural  number  corresponding  to  the  sum  will  be  the  nutation  in 
declination,  to  be  applied  to  the  mean  declination. 

Exam.  1.  Required  the  nutations,  in  right  ascension  and  declination,  of 
Bigd,  on  the  19th  of  July,  1825. 

By  prob.  XIV,  A  «76^  32'  8"  and  D  =  8^  24'  36"  S. 

Supp.  of  Node 

1825 3*  0«>  26' 

July 9    36 

19d  67 

3     10     69 
12       0       7 

N 8     19     10 

B,  from  tab.  LXXXIII,  '  _     s    36 

N  +  B 8     15    36 

A 2     16     33 

N  +  B  — A      .        -        -        .    6    29      2—179^2' 

log.  ^  from  tab.  LXXXIII  ....  —0.8623 
cos.  (N  +  B  — A)  -  -  179°  2'  -  -  —9.9999 
tan.  D  ...  8   26       .         .        —9.1702 


nat  numb.         -        -        -    — 1".08 
From  tab.  LXXXIV.     -         + 1 6.26 

-     —0.0324 

Nut.  in  right  ascen.                  + 1 6. 1 7 
log.  6,             

8in.(N  +  B  — A  +  VI.)   359°  2'        - 

—0.8623 
.     —8.2271 

Nut.  in  declin.          -         +0".12    - 
36 

+  9.0894 
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2.  Required  the  nutations,  in  right  ascension  and  declination,  o^ArUareSf 
on  the  1  Ub  of  March,  1821.  Ana.  Nat.  in  right  ascen.  +  3".70,  and  in 
declin.  +  9".23. 

3.  What  will  be  the  nutations,  in  right  ascension  and  declination  of  0 
Tauri,  on  the  6th  of  November,  1822.  Ans.  Nut.  in  right  ascen.  + 
14".61,  and  in  declin  +  7".3. 

PROBLEM  XVH. 

The  Obliquity  of  the  ecliptic  and  the  Right  Ascension  and  Declination 
of  a  Body  being  gtoen,  to  find  the  Longitude  and  Latitude. 

Designate  the  obliquity  of  the  ecliptic  by  E.  To  the  tangent  of  the 
declination  marked  negative  when  the  declination  is  south,  add  the  arith- 
metical complement  of  the  sine  of  the  right  ascension  ;  the  result  will  be 
the  tangent  of  an  arc,  which  call  B.  The  arc  B  must  be  taken  accord- 
ing to  the  sign,  but  always  less  than  180*^. 

For  the  Longitude. 

Add  together  the  cosine  of  the  difference  between  B  and  E,  the  tan- 
gent of  the  right  ascension,  and  the  arithmetical  complement  of  the  cosine 
of  B,  rejecting  ten  from  the  index  ;  the  result  will  be  the  tangent  of  the 
longitude,  which  must  be  taken  according  to  the  sign,  observing  also  that 
the  longitude  and  right  ascension  are  always,  either  both  between  90°  and 
270°,  or  reckoning  in  the  order  of  the  signs,  both  between  270°  and  90.° 

For  the  Latitude. 

To  the  tangent  of  the  difference  between  B  and  E,  which  must  be 
marked  negative,  not  only  when  the  difference  is  greater  than  90°,  but 
also  when  E  is  greater  than  B,  add  the  sine  of  the  longitude,  rejecting  ten 
from  the  index  ;  the  result  will  be  the  tangent  of  the  latitude,  which  must 
always  be  taken  less  than  90°,  and  will  be  north  or  souths  according  as 
the  sign  is  affirmative  or  negative. 

Note.  When  the  mean  obliquity  of  the  ecliptic  and  the  mean  right 
ascension  and  declination  are  used,  the  results  will  be  the  mean  longitude 
and  latitude.  But  when  the  apparent  obliquity  of  the  ecliptic,  found  by 
prob.  VII,  and  the  apparent  right  ascension  and  declination,  found  by 
applying  to  the  mean  right  ascension  and  declination,  ihe  aberrations  and 
nutations,  obtained  by  problems  XV  and  XVI,  are  g  ven,  the  results  will 
be  the  apparent  longitude  and  latitude. 

E^iJK.  1.  On  the  10th  of  April>  1821,  the  mean  right  ascension  of 
Arcturus  was  21 1°  62'  37",  ti,^  mean  declination  20°  T  4"N.,  and  the 
mean  obliquity  of  the  ecJipti^  ^a^  ^T  46".  What  were  its  longitude  and 
latitude  ?  "^ 
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tao. 

.  declii 

n. 

8iD. 

right 

asc« 

tan. 

B 

. 

E 

• 

COS. 

(B  coE) 

Uo. 

right 

asc. 

COS. 

B 

- 

tan. 

long. 

tan. 

(Bco 

E) 

Bin. 

long* 

19  1  n« 

20^ 
211 

r 

62 

16 

27 

If. 

4"  N. 
37  Ar.  Co. 

13     . 
46 

9.56384 
—  0.27729 

145 
23 

—  9.84113 

121 
211 
146 

47 
62 
15 

44  • 

47' 
44 

61 

27 

37      . 
13  Ar.  Co. 

16 

27"           -    . 
16 

37  N. 

—  9.72166 
9.79371 

—  0.08629 

201 

121^ 
201 

9.60066 

—  10.20774 

—  9.66863 

30 

9.77637 

283 


tan.  lat. 


2.  Given  the  obliquity  of  the  ecliptic  23°  2t'4t\  the  right  ascension 
of  Rigd,  76°  28'  21",  and  the  declination  8°  25'  2"  S.,  on  the  1st  of 
January,  1820,  to  find  the  longitude  and  latitude.  Ans.  Long.  74°.  18' 
6r,  and  lat.  31°  8'  45"  S. 

3.  Oo  the  first  of  January,  1821,  the  right  ascension  of  Procyifn  was 
1 12°  28'  49",  the  declination  6°  40'  36"  N.,  and  the  obliquity  of  the  eclip- 
tic 23°  27'  46".  What  were  its  longitude  and  latitude  ?  Ans,  1 13°  18' 
56",  and  16°  69'  0 '  S. 

PROBLEM  XVIIL 

The  OhUquUpqfthe  EeKptie^  and  the  Longitude  and  Latitude  of  a  Body^ 
being  given^  to  find  the  Right  Ascemion  and  Declination. 

Designate  the  obliquity  of  the  ecliptic  by  E.  To  the  tangent  of  the 
latitude,  marked  negative  when  the  latitude  is  south,  add  the  arithmetical 
complement  of  the  sine  of  the  longitude ;  the  result  will  be  the  tangent 
of  an  arc,  which  call  B.  The  arc  B  must  be  taken,  according  to  the  sign, 
but  always  less  than  180°. 

. 
For  the  Right  Aacennon. 

Add  together  the  cosine  of  the  sum  of  B  and  E,  the  tangent  of  the 
longitude,  and  the  arithmetical  complement  of  the  cosine  of  B,  rejecting 
ten  from  the  index  ;  the  result  will  be  the  tangent  of  the  right  ascension, 
which  must  be  taken  according  to  the  sign,  observing  also  that  the  right 
ascension  and  longitude  are  always,  either  both  between  90°  and  270°,  or 
reckoning  in  the  order  of  the  signs,  both  between  270°  and  90°. 

For  the  Declination. 
To  the  tangent  of  the  sum  of  B  and  E,  add  the  sine  of  the  right  ascen* 
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sion,  rejecting  ten  from  the  index  ;  the  result  will  be  the  tangent  of  the 
declination,  which  must  always  be  taken  less  than  90^,  and  will  be  tun^ 
or  southf  according  as  the  sign  is  affiimative  or  negative. 

Note.  The  quantities  found  will  be  mean  or  apparent,  according  as 
the  given  ones  are  mean  or  apparent. 

Exam.  1.  Given  the  obliquity  of  the  ecliptic  23^  27'  46%  the  longitude 
o£Arcturus  20  ^  44'  16",  and  the  latitude  30''  51'  37''  N.,  to  find  the  right 
ascension  and  declination. 


tan.  lat. 
sin.  long. 

-      30*^ 

2or 

.     121 
23 

61' 
44 

43 

27 

37"  N.     - 
16  Ar.  Co. 

28     - 

46 

9.77637 
—  0.43137 

Un  B    - 
E      . 

—  10.20774 

co8.(B  +  E) 
tan.  long. 
COS.  B 

146 

-     201 

121 

211 

146° 
211 

20 

16 
44 
47 

62 

16' 

62 

7 

14 

16        . 

28  Ar.  Co. 

36 

14' 

36 

6N. 

.    —9.91471 

9.60066 

—  0.27834 

'  tan.  right  asc. 

tan.  (B  +  E) 
sin.  right  asc. 

9.79371 

—  9.84113 

—  9.72271 

tan.  declin. 

9.66384 

2.  Given  the  obliquity  of  the  ecliptic  23''  27'  4r',  the  longitude  ofRigel 
74''  18'  61",  and  the  latitude  31''  8'  46"  S.,  to  find  the  right  ascension  and 
declination.  Ans.  Right  ascen.  76"  28'  21",  and  declin.  8"  26'  V  S. 

3.  When  the  obliquity  of  the  ecliptic  was  23"  27'  46",  the  longitude  of 
Proeyan  1  IS"  18'  66",  and  the  latitude  16"  69'  0",  S.,  what  were  the  right 
ascension  and  declination  ?  Ant.  Right  ascen.  1 1 2"  28' 48",  and  declin. 
6"  40'  36"  N. 

PROBLEM  XIX. 

The  ObUqtniff  of  the  Ecl^iCj  and  the  Langiiude  and  DecUnation  cf  a 
body  being  gioen^  to  find  the  Angle  if  Position. 

Add  together  the  cosine  of  the  longitude,  the  sine  of  the  obliquity,  and 
the  arithmetical  complement  of  tlie  cosine  of  the  declination,  taking  them 
all  affirmative,  and  reject  ten  from  the  index  ;  the  result  will  be  the  sine 
of  the  angle  of  position;  which,  in  all  cases  where  the  problem  is  used  in 
calculating  an  occultation  of  a  planet  or  star,  by  the  moon,  must  be  taken 
less  than  BO"". 

When  the  longitude  is  less  ({^nii  90"  or  more  than  270",  the  northern 
part  of  the  circle  o(  latitude  Ij^^  A^p  the  west  of  the  circle  of  declination  ; 
fa«t  when  the  longitude  ia  het^        00"  and  270",  it  lies  to  the  eawi. 

%^ 
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EzAX.  1.  Gifen  the  obliquity  of  the  ecliptic  23""  27'  46",  the  longitude 
of  Ardurua  20^  44'  16",  and  the  declination  20""  7'  b"  N.,  to  find  the 
angle  of  position. 

COS.  long.  20r  44'    16"  9.96797 

sin.  obliq.  23     27     46  9.60005 

COS.  declin.  20       7       5        Ar.  Co.  0.02734 


sin.  ang.  posit.  23     11     46  9.59636 

The  circle  of  latitude  lies  to  the  east  of  the*  declination. 

2.  Given  the  obliquity  of  the  ecliptic  23"^  27'  47",  the  longitude  of 
Rigd  74""  18'  51'S  and  the  declination  S""  25'  1"S. ;  required  the  angle 
of  position.     Ana.  6"^  14^50". 

3.  When  the  obliquity  of  the  ecliptic  was  23"^  27'  46",  the  longitude  of 
Procyon  MZ""  18'  55^  and  the  declination  5^  40'  35"  N.,  what  was  the 
angle  of  position  ?    Ana.  9""  6'  43". 

PROBLEM  XX. 

To  find  the  HdioceiUric  Longitude  and  Latitude^  and  the  Radius  Vector 
of  Mercury  if  or  a  given  time. 

Reduce  the  given  time  to  mean  time  at  Greenwich.  Take  from  table 
LIX,  the  mean  longitude  of  Mercury,  the  longitudes  of  the  aphelion  and 
node,  and  the  arguments  II  and  III,  corresponding  to  the  given  year. 
Under  the  three  former,  place  the  motions  for  the  months,  days,  hours, 
minutes  and  seconds  of  the  given  time,  taken  from  tables  LX  to  LXII ; 
and  under  each  of  the  latter,  place  the  number  D,  in  table  LX,  corres* 
ponding  to  the  given  month,  and  also  the  number  expressing  the  day  of 
the  month,  diminished  by  a  unit.  Add  together  the  quantities  in  each 
column,  rejecting  12  signs  when  either  sum  in  the  first  three  columns 
admits  the  rejection,  but  setting  down  the  whole  amount  in  each  of  the  last 
two  columns.  Subtract  the  resulting  longitude  of  the  aphelion  from  the 
mean  longitude  of  the  planet,  and  the  remainder  will  be  the  mean 
anomaly. 

Withvthe  mean  anomaly  as  the  argument,  take  the  equation  of  the 
centre  from  table  LXIIl,  and  applying  it  according  to  its  sign  to  the 
mean  longitude,  add  to  the  result  the  equations  II  and  HI,  taken  from 
table  LXIV,  with  tbeir  respective  arguments.  The  sum  will  be  the 
orbU  longitude  of  Mercury. 

From  the  orbit  longitude  subtract  the  longitude  of  the  node,  and  the 
remainder  will  be  the  argument  for  the  latitude  ;  it  will  also  be  the  argu- 
ment for  the  reduction  to  the  ecliptic.  With  this  argument  take  the 
reduction  from  table  LXVI,  and  apply  it  according  to  its  sign  to  the 
orbit  longitude.  The  result  will  be  the  heliocentric  ecliptic  longitude, 
reckoned  from  the  mean  equinox.  With  the  argument  N,  found  from 
4he  solar  tables  for  the  given  time,  take  the  nutation  in  longitude  from 
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table  XVI»  and  apply  it  according  to  its  sign  to  the  longitude  from  the 
mean  equinox,  and  it  will  give  the  longitude  from  the  true  equinox. 

With  the  argument  of  latitude  take  from  table  LXVIII,  the  latitude, 
and  also  its  secular  variation.  Multiply  the  secular  variation  by  the  num- 
ber of  years,  the  given  time  is  subsequent  to  1800,  and  divide  the  product 
by  100.  The  result  added  to  the  latitude  taken  from  the  table,  will  give 
the  correct  heliocentric  latitude. 

With  the  mean  anomaly  as  the  argument,  take  the  radios  Vector  from 
table  LXV. 

Exam.  1.  Required  the  heliocentric  longitude  and  latitude,  and  the 
radius  vector  of  Mercury,  on  the  13th  of  June,  1836,  at  20  h.  12  m.  30  eec. 
mean  time  at  Greenwich. 


1836. 
June 
13th. 
20  h. 
12  m. 
3Utoc. 


Eq.  Cent. 


Eq.Il. 
£q.  III. 

Orbit  Long. 
Reduct 


Nat. 
Hel.  Long. 


M.Long. 

9* 

8 

1 

8°  52'  11" 

22   2  29 

19   6  31 

3  24  37 

2   3 

5 

7 

23  27  56 
6  55  27 

8 

0  23  23 

+      4 
4-  5 

8 

0  23  32 
—   6  16 

8 

0  17  16 
—  13 

8 

0  17   3 

Aphelion 

. 

8* 

140 

53' 

43" 

23 

2 

8 
7 

14 
23 

54 
27 

8 
56 

11   8  33  48 
M.  Anom. 

1836. 
Jane 
13  d. 


Node. 


U   160  22'  26" 

18 

1 


1  16  22  45 
8   0  23  32 


6  14   0  47 
Arg.  Lat. 
N 
842 
22  . 
2 

866 


II.   III. 


377 

1*52 

12 


Hel.  Lat.  from  table 
Sec.  Variation 


1°  41' 

4- 


1925 

152 

12 


541     2089 


29.6"  S. 
1.5 


True  Hel.  Lat.  1    41     31  S. 

Radius  Vector  0.46287. 


2.  Required  the  heliocentric  longitude  and  latitude,  and  the  radius  vec- 
tor of  Mercury,  on  the  17th  of  November,  1837,  at  11  h.  29  m.  20  sec. 
mean  time  at  Philadelphia.  Ans.  Long.  221°  47'  1" ;  Lai.  0°  33'  55"  N. 
Rad.  Vect.  0.44780. 

PROBLEM  XXI. 

The  heliocentric  longitude  and  laHtudcy  and  the  radius  vector  of  Mer- 
cury at  a  given  time  being  given^  to  find  its  geocentric  longitude  and  lati- 
tude and  its  horizontal  parallax  and  semidiameter  at  that  time. 

For  the  (jreoc^^  Longitude. 
To  the  sun's  longitude  .      t^0  given  time,  found  by  prob.   VIT,  add 
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leO""  O'SO",  and  the  sum  will  be  the  earth's  lon^tude  at  that  time.* 
Find  the  earth's  radios  vector,  by  adding  to  the  radius  vector  taken  from 
table  XYIIf,  with  the  sun's  mean  anomaly  as  the  argument,  the  perturb- 
ations taken  frSm  the  small  table  on  the  same  page,  with  the  arguments 
I,  If,  and  HI. 

Subtract,the  longitude  cf  the  earth  from  the  heliocentric  longitude  of 
the  planet ;  the  remainder,  if  less  than  180°,  will  be  the  angle  of  commu- 
tation, to  be  marked  west ;  but  if  the  remainder  is  greater  than  1 80°,  its 
supplement  to  360°  will  be  the  angle  of  commutation,  to  be  marked  easU 
Take  half  the  angle  of  commutation,  and  subtracting  it  from  90°,  call  the 
remainder  A. 

Add  together  the  cosine  of  the  planet* s  heliocentric  latitude,  the  loga- 
rithm of  its  radius  vector,  and  the  arithmetical  complement  of  the  logarithm 
of  the  earth's  radius  vector,  rejecting  the  tens  from  the  index  of  the  sum, 
and  the  result  will  be  the  tangent  of  an  arc  B. 

To  the  tangent  of  the  difference  between  the  arc  B  and  45°,  add  the 
tangent  of  the  arc  A,  rejecting  ten  from  the  index  of  the  sum,  and  the 
result  will  be  the  tangent  of  an  arc  C.  Subtracting  .C  from  A,  the 
remainder  will  be  the  angle  of  elongation,  of  the  same  name  as  the  angle 
of  commutation* 

If  the  angle  of  elongation  is  east^  add  it  to  the  sun's  longitude  in- 
creased by  20"  ;  but  if  it  is  west^  subtract  it  from  the  sun's  longitude  thus 
increased  ;  and  the  sum  or  remainder  will  be  the  true  geocentric  longi- 
tude. 

Add  together  the  arcs  A  and  C,  and  the  sum  will  be  the  annual  parallax. 
With  the  elongation,  annual  parallax,  and  geocentric  latitude  as  arguments, 
find  the  aberration  in  longitude  from  table  LXIX,  and  applying  it  to  the 
true  longitude,  the  result  will  be  the  apparent  longitude. 

For  ike  Geocentric  Latitude. 

Add  together  the  tangent  of  the  heliocentric  latitude,  the  sine  of  the 
elongation,  and  the  arithmetical  complement  of  the  sine  of  the  commuta- 
tion, rejecting  ten  from  the  index  of  the  sum,  and  the  result  will  be  the 
tangent  of  the  true  geocentric  latitude,  which  will  be  of  the  same  name  as 
the  heliocentric  latitude. 

With  the  angle  of  elongation  increased  by  270°,  and  the  annual  parallax 
and  geocentric  longitude,  each  increased  by  90°,  as  arguments,  take  from 
table  LXIX,  parts  I,  II,  and  III,  respectively,  of  the  aberration  in 
longitude,  and  add  them  together,  having  regard  to  their  signs.  Multiply 
the  sum  by  the  multiplier,  taken  from  a  small  table  at  the  bottom  of  page 
74,  and  the  product  will  be  the  first  three  parts  of  the  aberration  in  lati- 
tude.    Take  from  the  other  small  table  on  the  same  page,  part  IV  of  the 

*  Tho  ran't  b>Dgitude  found  from  the  tables  is  the  apparent  longitude  af  affected  by 
aberratioD,  and  ia  therefore  20''  len  than  the  true  longitude. 
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aberration  in  latitude,  and  add  it  to  the  former  three,  attending  to  the 
signs,  and  the  sum  will  be  the  aberration  in  latitude.  Considering  the 
true  geocentric  latitude  as  affirmative  or  negative,  according  as  it  is  north 
or  south,  add  to  it  the  aberration  in  latitude,  and  the  result  will  be  the 
apparent  latitude. 

For  the  Horizontal  Parallax  and  Semidiameter. 

Add  together  the  constant  logarithm  0.93337,  the  sine  of  the  true  geo- 
centric latitude,  the  arithmetical  complement  of  the  sine  of  the  heliocentric 
latitude,  and  the  arithmetical  complement  of  Mercury's  radius  vector, 
rejecting  ten  from  the  index  of  the  sum,  and  the  result  will  be  the  logarithm 
of  the  horizontal  parallax,  in  seconds. 

To  the  constant  logarithm  9.67584,  add  the  logarithm  of  the  horizontal 
parallax,  and  the  sum,  rejecting  ten  from  the  index,  will  be  the  logarithm 
of  the  semidiameter,  in  seconds. 

Note  1.  The  true  geocentric  longitude  and  latitude  and  the  horizontal 
parallax  of  the  planet  Venus,  may  be  found  in  tho/same  manner.  The 
constant  logarithm  9.9830Si  added  to  the  logarithm  of  the  horizontal 
parallax,  and  ten  rejected  from  the  index  of  the  sum,  will  give  the  loga- 
rithm of  the  semidiameter. 

2.  The  geocentric  longitude  and  latitude  of  a  superior  planet  may  also 
be  found  in  the  same  manner,  except  that  in  finding  the  arc  B,  one  ten 
must  be  retained  in  the  index  of  the  tangent,  and  the  sum  of  C  and  A 
must  be  taken  for  the  elongation,  instead  of  their  difference. 

3.  At  the  time  of  conjunction,  the  angles  of  commutation  and  elonga- 
tion are  each  nothing,  and  consequently  the  geocentric  latitude  cannot  be 
found  by  the  rule.  In  this  case,  add  the  cosine  of  the  heliocentric  latitude 
to  the  logarithm  of  the  planet's  radius  vector,  rejecting  ten  from  the  index 
of  the  sum,  and  the  result -will  be  the  logarithm  of  the  curtate  distance 
of  the  planet.  Take  the  difference  between  the  curtate  distance  and  the 
earth^s  radius  vector,  or  the  sum  of  the  two,  according  as  the  conjunction 
is  inferior  or  superior,  and  add  together  the  arithmetical  complement  of 
the  logarithm  of  this  difference  or  sum,  the  logarithm  of  the  planet's  radius 
vector  and  the  sine  of  the  heliocentric  latitude,  rejecting  ten  from  the 
index  of  the  sum,  and  the  result  will  be  the  tangent  of  the  true  geocentric 
latitude. 

Exam.  1.  Required  the  geocentric  longitude  and  latitude,  the  horizontal 
parallax,  and  the  semidiameter  of  Mercury  at  the  time  given  in  the  first 
example  of  the  last  problem. 

For  the  Geocentric  Longitude, 

Sun's  longitude  found  by  prob.  VII.  BS""   13'    14" 

Add     -        -        -        ^         .         -        -         -     180      0     20 


Earth's  longitude       .         ^         -        -        -        263     13    34 
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Sun's  anom.  6-  W  32'  2",  gives,  tab.  XVIII,  1.01692 

Arg.  I,        999,  gives 8 

"      II,       926,     »-...-.  4 

"      III,      924,      *•              2 

\  ■ 

Earth's  radius  vector  1  .q  i  qqq 

Heliocentric  loDg.  Mercury  -        -        -     240^    17'     5" 

Longitude  of  Earth  *        .        -        .        263     13    34 

■  I  ■  ■  ■  ■ 
337  3  29 
360      0      0 

Cooimutation 22    56    31  E 

11     28     15 
90      0      0 

A-s78     31     46 

Mercury^s  hel.  lat.         1°  41'  31"  S  cos.  1^.99981 

••        rad.  vect.        0.46287  log.  9.66648 

Earth's        «      «•  1.01606        Ar.  Co.    •'     9.99309 

B  .         .        -     24*>  28'  68"  tan.  9.65836 

46<>  — B         .         .     20<>  31'      2"  tan.     9.57313 

A     •        -         -  78     31     45  tan.  10.69267 

C  *         -         -     61     31     52  tan.   10.26680 

Elongation        -  16     69    63  E 

Sun*s  long.  +  20"  ...     83**   13'   34" 

Elongation  -         -        *        .         16     69     63  E 

Mercury's  true  longitude  100  *  13    27 

Elongation  17*    0' gives,  tab.  LXIX,    part    I,        —19" 
Ann.  par.  140    14       •«  «*  ««       II,         +  25 

6eoc.  Long.  ••  •*  «*     III,        «   q 

Aber.  in  long. 0 

Hence  the  apparent  geocentric  longitude  is  in  this  case  the  same  as  the 
true* 

37 
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For  the  Geocentric  Latitude, 


Hel.  lat. 

Elongation 

Commutation 


1° 
16 

22 


14'    31"  S 
69     53 
56     31 


tan.  8.47038 

810.  9.46589 

Ar.  Co.     *•    0.40916 


True  geoc.  lat. 

Elong.  +270^  ^*w, 

Ann.  par.        +    90  =  230     4 

Geoc.  long.     +    90  =  190    13 


16       9S 
2870    Q/ 


Part 


Multiplier 


tan.  8.34543 

I,        —   6" 
II,         +  21 
III,         +    3 

+  18 
-      0.02 


Arg.  of  lat.  194''  V,  gives  part  IV, 


Aber.  in  lat. 


+  0.36" 
+  3.0 

+  3" 


True  geoc.  lat. 
Aber.  io  lat 

Appar.  geoc.  lat. 

True  geoc.  lat. 
He).  lat. 
Rad.  vect. 

Hor.  parallax 


Semidiaro. 


—  1°   16' 
+  0      0 


9" 
3 


1     16     6  S. 


1°   16'      9" 
1     41     31 
0.46287 

13.9" 


5.2" 


C.  log.        0.93337 

sin.  8.34535 

Ar.  Co.     '*      1.62980 

Ar.  Co.  log.  0.33454 


C.  log. 


1.14306 
9.57584 

0.71890 


2.  Required  the  apparent  geocentric  longitude  and  latitude,  the  hori- 
zontal parallax  and  the  semidiaroeter  of  Mercury  at  the  time  given  in  the 
second  Example  of  last  problem.  Ana,  App.  geoc.  long.  230°  59'  53"  ; 
app.  geoc.  lat.  0°  10'  42"  N. ;  hor.  par.  6.0" ;  and  semidiam.  2.3". 

PROBLEM  XXII. 

The  Right  Ascension  of  a  Fixed  Star  on  any  given  day  hei$ig  gvoen^  to 
find  the  time  of  its  passage  over  the  meridian  of  the  given  place. 

For  mean  noon  of  the  given  day>  reduced  to  Greenwich  time,  find  the 
8un*8  tabular  mean  longitude  and  the  argument  N,  from  tables  VI  f,  VIII, 
XI,  and  XII.    To  the  tabular  n^wn  longitude,  increased  by  2^,  apply 
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according  to  its  sign,  the  nutation  in  right  ascension,  taken  from  table 
XVI,  with  the  argument  N.  The  result  converted  into  time,  will  be  the 
sidereal  time  of  mean  noon,  at  the  given  place.* 

Subtract  the  sidereal  time  of  mean  noon  from  the  apparent  right  ascen- 
sion of  the  star,  increasing  the  latter  by  24  hours  when  necessary.  Then, 
as  24  h.  :  the  remainder  : :  23  b.  56  m.  4  sec.  :  the  time  of  the  starts 
passage  over  the  meridian,  expressed  in  mean  solar  time. 

Note.  The  sidereal  time  of  mean  noon  at  at  any  place  may  be  readily 
found  from  the  Nautical  Almanac,  as  follows  : — As  1  h.  :  the  difference 
of  longitude  between  the  given  place  and  Greenwich,  expressed  in  time 
: :  9.8565  seconds  :  a  fourth  term.  To  the  sidereal  time  of  mean  noon 
at  Greenwich  as  given  in  the  Nautical  Almanac  for  the  given  day,  add  this 
Iburth  term  when  the  longitude  of  the  given  place  is  toest ;  but  when  the 
longitude  of  the  place  is  easty  subtract  the  fourth  term  from  the  sidereal 
time  of  mean  noon  at  Greenwich.  When  the  sidereal  time  of  mean  noon 
at  the  given  place  is  thus  found;  and  subtracted  from  the  apparent  right 
ascension  of  the  star,  the  remainder  may  be  easily  and  accurately  con- 
'  verted  into  mean  solar  time  by  the  table  of  time  equivalents,  given  at  the 
end  of  the  Nautical  Almanac. 

ExAH.  1.  The  apparent  right  ascension  of  Regulus  on  the  2d  of  May, 
1836,  was  9  h.  59  m.  38  sec.  Required  the  time  of  its  passage  over  the 
meridian  of  Philadelphia  on  that  day. 


Mean  noon  Philadelphia, 
Diff.  of  long. 


h.    m.    sec. 
-000 
5    0    40 


Greenwich  time 

- 

-     5    0    40 

Sun's  M.  Long. 

N. 

1336 

9*      9^   10'      6" 

842 

Mav 

3     28     16     40 

18 

2d. 

69       8 

5h. 

12     19 

40  sec. 

2 

1       8     38     16 

860 

2       0      0 

1      10     38     16 

Nut.  R.  A. 

—     13 

h.  m.  sec. 

1     10     38       2» 

:  40*^  38'  2"  =2   42   32  —  sid 

time 

[>f  mean  noon  at  Phila. 

*  The  sidereal  time  of  mean  noon,  and  the  right  ascension  of  the  meridian  or  mid- 
heaven  or  lenith,  at  mean  noon,  are  all  equivalent  expressions. 
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b.  m.  sec. 

Apparent  right  ascen.  of  Regulus       -        -        -     9  69  38 

Sidereal  lime  of  meao  noon  at  Pbila*       •        -        2  42  32 


Remainder .-        -7176 

h.     b.     m.  sec.      h.     m.  sec.  h.  m.    i^ec. 

24:7     17     6  ::  23    66    4  :  7     16     64  b  mean  time  of  passage  o?er 

tlie  meridian. 

2.  Required  the  time  at  which  Arcturus  passed  the  meridian  of  New 
York,  on  the  lOtb  of  May,  1836,  its  apparent  right  ascension  at  that 
time  being  14  h.  8  m.  13  sec.     Ans.  10  h.  62  m.  22  sec.  mean  time. 

PROBLEM  XXIII. 

To  reduce  the  time  of  the  MootCe  Passage  over  the  Meridian  of  Green* 
frichi  as  given  in  the  Nautical  Almanac^  to  the  time  of  its  passage  wer 
the  meridian  of  any  other  place* 

Take  the  difference  between  the  times  of  the  moon's  passage  at  Green- ^ 
wicb  on  the  given  da^  and  the  next  following  or  next  preceding  day, 
according  as  the  place  has  v>est  or  east  longitude.  Then,  as  24  h.  :  the 
longitude  of  the  place  in  time  : :  this  difference  :  a  fourth  term.  This 
fourth  term  is  the  reduction,  and  being  added  to  the  time  of  the  mooo^s 
passage  over  the  meridian  of  Greenwich  on  the  given  day,  when  the  place 
is  in  toe^  longitude,  but  subtracted  when  it  is  in  east  longitude,  will  give 
the  required  time  of  passage,  in  mean  time,  of  the  given  place. 

Note,  The  times  of  the  passages  of  the  larger  planets  over  the  meri- 
dian of  Greenwich  are  given  in  the  Nautical  Almanac  for  each  day,  and 
of  the  four  small  planets  for  every  fourth  day.  The  time  of  passage  of 
any  of  them  over  a  given  meridian  may  be  found  in  the  same  manner  as 
the  moon's  passage,  except  that  for  either  of  the  small  planets,  four  days 
must  be  used  instead  of  one  day,  and  when  the  motion  of  a  planet  is  retro- 
grade, that  is  when  the  time  of  passage  on  a  given  day  is  earlier  than  on 
the  preceding  day,  the  reduction  must  be  applied  in  a  contrary  manner  to 
the  direction  in  the  rule,  by  subtracting  for  a  place  with  west  longitude, 
and  adding  for  a  place  with  east  longitude. 

Exam.  1.  Required  the  time  of  the  moon's  passage  over  the  meridian 
of  Philadelphia,  on  the  19th  of  May,  1836. 

b.    m. 

Passage  at  Greenwich  ^on  20tb,  tab.  LV  -        -    3  68  0 

"  "  19th,    "  •        -        3     7,6 


Difference 0  50.6 

b.      h.  m.       m.        m. 
24  :  6    1   :  :  60.5  :   10.6 
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h.   m. 
Passage  at  Greenwich  on  19th         -        -        -        -    3    7.5 
Reduction,  add 0  10.6 


Passage  at  Phila. 3  18.1 

2.  Required  the  time  of  the  moon's  passage  over  the  meridian  of 
Washington,  on  the  4tb  of  May,  1836.     Ant.  15  h.  55.3  m. 

PROBLEM  XXIV, 

Tke  Latitude  of  a  plase  and  the  Sun's  Declination  at  apparent  noon  being 
giten^  to  find  tke  time  of  his  rising  and  settbig* 

To  the  tangent  of  the  latitude  of  the  place,  add  the  tangent  of  the  sun's 
declination,  rejecting  ten  from  the  index  ;  the  result  will  be  the  sine  of 
the  ascensional  dfferencey  which  must  be  taken  less  than  90°,  and  reduced 
to  time. 

The  ^scensional  difference,  added  to  6  hours,  when  the  latitude  and 
declination  are  both  of  the  same  name,  that  is  both  north  or  both  south, 
but  subtracted  from  6  hours,  when  they  are  of  different  names,  will  give 
the  semidiurnal  arc. 

The  semidiurnal  arc  expresses  the  apparent  time  of  sunset,  and  sub- 
tracted from  12  hours,  gives  the  apparent  time  of  sunrise.  The  apparent 
tiroes  may,  if  required,  be  changed  into  mean  times,  by  applying  the  equa- 
tion of  time. 

Note  1.  In  the  above  rule,  no  notice  is  taken  of  Ihe  change  in  the  sun^s 
declination  between  noon  and  the  time  of  his  being  in  the  horizon,  nor  of 
the  effects  of  refraction  and  parallax  in  changing  the  time  of  his  rising  or 
setting.  When  this  time  is  required  with  precision,  the  declination 
should  be  found  for  the  approximate  time  of  rising  or  setting  as  obtained 
by  the  above  rule  ;  the  calculation  may  then  be  performed  by  the  formula 
in  art.  24,  chap.  ix. 

2.  The  rising  or  setting  of  a  planet  or  star  may  be  found  by  calculating 
the  semidiurnal  arc  by  the  above  rule,  and  subtracting  it  A*om  the  time  of 
the  body's  passage  over  the  meridian  for  the  rising,  and  adding  it  for  the 
setting. 

ExAK.  1.  Required  the  time  of  the  sun's  rising  and  setting  at  Philadel- 
phia, on  the  25th  of  January,  1821,  the  declination  at  noon  of  that  day 
being  IS""  62'  S. 


Lat.      . 
Decl. 

-  39**  67' N.     . 
18     62  S. 

-  16    38           -         . 

4 

-    tan.  9.92304 
"     9.53368 

Asc.  diff. 

-    sin.  9.46672 

1  h.  6  m.  32  sec. 
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Ih.    6  m.  32  sec. 
6       0 


Semidiur.  arc   4  h.  53  m.  time  of  sunset. 


7  h.   7  m.  time  of  sunrise. 

2.  Required  the  time  of  the  sun's  rising  and  setting  at  St.  Petersburg, 
when  the  declination  is  23°  28'  N.  Am,  Sun  rises  at  2  b.  46  m.  and 
gets  at  9  h.  14  m. 

PROBLEM  XXV. 

To  find,  by  the  aid  of  the  Nautical  Almanac  t  the  time  of  the  moon*8  rising 
or  eettingf  on  a  given  astronomical  day. 

Find  the  time  of  the  moon's  passage  over  the  meridian  of  the  given 
place  by  prob.  XXIII. 

To,  or  from  the  time  of  the  passage,  according  as  the  moon's  setting  or 
rising  is  required,  add  or  subtract  6  hours,  and  reducing  the  resulting 
time  to  the  meridian  of  Greenwich,  take  from  the  Nautical  Almanac  the 
moon's  declination  corresponding  to  the  whole  hour  nearest  to  this 
reduced  time.  With  the  latitude  of  the  place  and  this  declination,  find 
the  semidiurnal  arc,  by  the  last  problem,  and  apply  it  to  the  time  of  the 
moon's  passage  over  the  meridian,  by  subtracting  for  the  rising,  or  adding 
for  the  setting  ;  the  result  will  be  the  approximate  time  of  rising  or 
setting. 

I'ind  the  moon's  declination  for  the  approximate  time  of  rising  or  set- 
ting, reduced  to  the  meridian  of  Greenwich,  and  with  this  declination 
again  calculate  the  semidiurnal  arc. 

I'ako  the  difference  between  the  times  of  the  moon's  passage  over  the 
meridian  of  Greenwich,  on  the  given  day  and  the  next  preceding  or  next 
following  one,  according  as  the  rising  or  setting  is  required.  Then,  as 
24  hours  :  the  semidiurnal  arc,  last  found  : :  this  difference  :  a  fourth 
term.  This  fourth  term  will  be  a  correction  which,  added  to  the  semi- 
diurnal arc  last  found,  will  give  the  corrected  semidiurnal  arc. 

Apply  the  corrected  semidiurnal  arc  to  the  time  of  the  passage  over  the 
meridian  of  the  given  place,  by  subtracting  for  the  rising  or  adding  for  the 
setting,  and  the  result  will  be  the  required  time,  very  nearly. 

Note.  When  it  is  required  to  make  a  number  of  consecutive  calcula- 
tions of  the  moon's  rising  or  setting,  for  any  particular  place,  they  may  be 
much  abbreviated  by  little  expedients  which  will  be  likely  to  present  them- 
selves to  the  computer,  but  which  it  would  be  troublesome  to  specify. 

Exam.  I.  Required  the  time  of  the  moon's  rising  at  Philadelphia,  on 
the  13th  of  May,  1836. 
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Passage  over  mer.  of  Greenwich 
Reduction 

Passage  over  mer.  of  Pbila. 
Subtract  .        .        .        . 


tab-  LV, 
add 


Diff.  of  long. 

Time  at  Greenwich  ..... 

Moon's  declination  on  the  13th  at  at  22  h.  is  (tab.  LV),  14''  10'  N. 


h*  m. 

23  7.0 

0  9.3- 

23  16.3 

6  0 

17  16.3 

5  1 

22  17 


Lat.      - 
Declin. 

Asc.  diff. 


- 

39° 

67' 

N. 

- 

14 

10 

N. 

- 

12 

12 
4 

48  m. 

48 

sec. 

6h. 

0 

tan.  9.92304 
tan.  9.40212 


sin.  9.32516 


Semidiur.  arc    6  h.  49  m. 

Moon's  passage  over  merid.  of  Pbila. 
Semidiur.  arc      .        .        .        - 

Approx.  time  of  moon's  rising 
Diff.  of  long 


Time  at  Greenwich         ... 
Moon's  declin.  at  21  b.  28  m.  is  14""  4'  N. 


h.  m.^ 

23  ]6 
6  49 

16  27 
6     1 

21  28 


Lat. 
Declin. 

Asc.  diff. 

-     S9°.57'N. 
14       4N. 

.     12       7 
4 

48     28 
6h.  0       0 

Seroi.diur.  arc 
Correction 

6h.  48.5  m. 
0       12.2 

-     tan.  9.92304^ 
tan.  9.39892 


9.32196 


h.      h.  m.         m.       m. 
24  :  6  48.5  :  :  43  :   12.2 


Cor.  Semidiur.  arc    7        0.7 
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Moon'^  passage  over  mer.  of  Phila.       -        -        -    23     16.3 
Correct  semidiur.  arc       .         -         -        -         -  7      0.7 


Time  of  moon's  rising  -         .        -        -        -     16     16 

2.  Required  the  time  of  the  moon^s  setting  at  Washington  on  the  161b 
of  May,  1836.     4n«.  8  b.  29  m.  P.  M. 


PROBLEM  XXVI. 

To  find  the  Longitude  and  Altitude  of  the  Nonagesimal  Degree  of  the 
Ecliptic^  for  a  given  time  and  place* 

Find  the  reduced  latitude  of  the  place  by  problem  XIII :  and  when  it 
is  norths  subtract  it  from  00'',  but  when  it  is  souths  add  it  to  90°,  for  the 
reduced  distance  of  the  place  from  the  north  pole.  Take  half  the  differ- 
ence  between  thb  quantity  and  the  obliquity  of  the  ecliptic  :  also,  half  the 
sum  of  the  same  quantities.  From  the  cosine  of  the  half  difference,  sub- 
tract the  cosine  of  the  half  sum,  and  call  the  result,  logarithm  A.  From 
the  tangent  of  the  half  difference,  with  the  index  increased  by  10,  subtract 
the  tangent  of  the  half  sum,  and  call  the  result,  logarithm  B.  Also,  call 
the  tangent  of  the  half  sum,  logarithm  C« 

For  the  given  time,  reduced  to  mean  time  at  Greenwich,  find  the  sun's 
mean  longitude  and  the  argument  N^  from  tables  VIl,  VIII,  XI,  and  XII. 
To  the  sun's  mean  longitude,  increased  by  2°,  apply,  according  to  its  uign, 
the  nutation  in  right  ascension,  taken  from  table  XVI,  with  argument  N, 
and  it  will  give  the  sun's  mean  longitude  reckoned  from  the  true  equinox. 

To  the  sun's  mean  longitude  from  the  true  equinox,  add  the  mean  time 
of  day,  at  the  given  place,  expressed  astronomically  and  reduced  to  degrees, 
and  reject  360°  from  the  sum,  when  it  exceeds  that  quantity.  The  result 
will  be  the  right  asceneion  of  the  mid-heaven,* 

From  the  right  ascension  of  the  mid.heaven,  subtract  90°,  the  former 
being  first  increased  by  360°,  when  necessary,  and  call  half  the  remain-' 
der  R.  • 

To  the  logarithm  A,  add  the  tangent  of  R,  and  the  result  will  be  the 
tangent  of  an  arc  £,  which  must  be  taken  according  to  the  sign,  but  less 
than  180°.  To  the  tangent  of  E,  add  the  logarithm  of  B,  rejecting  ten 
from  the  index,  and  the  result  will  be  the  tangent  of  an  arc  F,  which  must 
also  be  taken  according  to  the  sign,  and  less  than  180°.     The  sum  of  the 

*  When  the  inn's  trae  longitude  has  been  previoaaly  calculated  for  the  same  time 
for  which  the  right  ascension  of  the  mid-heaven  is  wanted,  it  ia  evident  the  tabular 
mean  longitude  and  the  argument  N,  are  already  known. 

It  may  also  be  observed,  that  the  right  ascension  of  the  mid- heaven  is  equal  to  the 
sum  of  the  son's  true  right  ascension,  and  the  apparent  time  expressed  astronomicallj 
and  reduced  to  degrees ;  360°  being  rejected  when  the  snm  exoeeds  that  quantify. 


Digitized  by  LjOOQIC 


ASTRONOMY.  297 

arcs  £  and  F»  and  90^  rejecting  360°,  when  the  som  exceeds  that  quan- 
titj,  will  be  the  longitude  of  the  nonagesimal  degree. 

Add  together  the  logarithm  C,  the  cosine  of  E,  and  the  arithmetical 
complement  of  the  cosine  of  F,  and  reject  ten  from  the  index  :  the  result 
will  be  the  tangent  uf  half  the  altitude  of  the  nonagesimal  degree. 

Note  1.  The  above  rule,  which  differs  but  little  in  substance  from  that 
given  by  Dr.  Bowditch  in  his  Practical  Navigator^  is  genera!  for  all  places, 
except  within  the  north  polar  circle.  And  the  only  difference  there,  is, 
that  for  the  longitude  of  the  nonagesimal  degree  90°  must  be  added  to 
the  arc  £,  and  the  arc  F  subtracted  from  the  sum. 

2.  When  the  longitude  and  altitude  of  the  nonagesimal  degree  are 
required,  at  any  given  place  for  several  different  times  in  the  same  day, 
which  is  generally  the  case,  the  same  logarithms  A,  B,  and  C,  when  tbey 
have  been  once  found,  will  answer  for  all  the  other  operations.  Indeed, 
the  obliquity  of  the  ecliptic  changes  so  slowly,  that  except  great  accuracy 
is  required,  the  same  logarithms  nt|y  be  used  in  calculations  for  a  time 
several  years  distant  from  the  time  for  which  they  were  obtained. 

3.  The  last  part  of  the  above  rule  gives  the  distance  of  the  zenith  of 
the  place  from  the  north  pole  of  the  ecliptic,  which  is  not  always  the  real 
altitude  of  the  nonagesimal.  Generally  in  the  southern  hemisphere,  and 
frequently  in  the  northern  hemisphere,  near  the  equator,  it  is  the  supple- 
ment of  the  altitude.  But  it  simplifies  the  ri>|e  for  the  parallaxes,  to  which 
this  problem  is  preliminary,  and  produces  no  error,  to  use  the  same  term 
in  all  cases.  ' 

Exam.  1.  Required  the  longitude  and  altitude  of  the  nonagcsiiiial 
degree  of  the  ecliptic,  at  Philadelphia,  on  the  27th  of  August,  at  7  h. 
30  m.  SI  sec.  A.  M.,  mean  time,  the  obliquity  of  the  ecliptic  being  then 
23°  27'  66", 

The  reduced  latitude  of  Philadelphia,  found  by  problem  XIIF,  is  39°  46' 
43"  N.,  and  this  taken  from  90°,  leaves  the  polar  distance  60°  14'  17"  ; 
the  difference  and  sum  of  this  quantity  and  the  obliquity  of  the  ecliptic 
are  26°  46'  22"  ;  and  73°  42'  12"  ;  half  difference  13°  23'  11"  ;  half 
sum  36°  51'  6". 

tan.  +  10,  19.37654 
tan.        C.     9.87478 


i  diff.  13"  23' 
i  sum  36     51 

11' 

COS. 
COS. 

A. 

9.98803 
9.90319 

0,08484 

B.     9.50176 

The  sun^s  longitude  taken  from  the  tables,  for  the  given  time,  and 
increased  by  2°,  is  6*  6°  24'  38",  and  the  argument  N  is  71.  The  nuta- 
tion, taken  from  table  XVI,  with  argument  N,  is  +  7".  Hence,  the 
sun's  mean  longitude  from  the  true  equinox  is  5«  6°  24'  46",  or  156°  24' 
46".  The  given  time  of  day  expressed  astronomically,  is  19  h.  30  m. 
21  sec. ;  which,  in  degrees,  is  292°  35'  15". 
38 
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Grven  time  in  degrees           -        -        -    29«°  35'  15'^ 
SuQ^s  mean  long 1 66  24  45 


Right  ascen.  mid*heaTeii       -        -        -      88    0    0 

90    0    0 


2)368     0    0 

R.     179    0    0 
A.  0.08484 


R  179*>     0'      0"  tao 8.24192 


E  178    47       4     tan.  — 8.32676  cos.  — 9.99990 

B.  9.50176  C.  9.8747a 


F   179    36    50    ton.  — 7.82852  >  Ar.  Co.  cos-- 0.00001 

90      0      0  "^  

i  alt.  non.  36*>  50^   47"  ton.  9.87469 


88    23    54  long,  nonages. 


73    41     34  alt.  nonages. 


2.  Required  the  longitude  and  altitude  of  the  nonagesimal  degree  of 
the  ecliptic  at  Philadelphia,  on  the  27th  of  August,  1821,  at  8h.  53  oi. 
20  sec.  A.  M.  mean  time.  .  An*.  Long.  105*»2'  18",  and  alt.  72°  43' 32". 

3.  Required  the  longitude  and  altitude  of  the  nonagesimal  degree,  at 
Philadelphia,  on  the  27th  of  August,  1821,  at  10  h.  14  m.  A.  M.  apparent 
time.     Alt*.  Long.  121°  21'  26"',  and  alt.  69°  30^  44". 

PROBLEM  XXVII, 

The  Longitude  and  Altitude  of  the  Nonagenmal  Degree  qf  ihe  EcUpHc^ 
and  the  Moon*8  True  Longitude,  Latitude,  Equatorial  Parallax^  and 
Horixontal  Semidiameter  being  given,  to  find  the  Apparent  Longitude  and 
Latitude  at  affected  by  paralhxj  and  the  Augmented  Semidiameter  qf  the 
Moon,  for  a  given  place* 

Find  the  reduction  of  parallax,  by  problem  Xlli,  and  subtract  it  from 
the  equatorial  parallax ;  and  in  edipees  of  the  *iin,  subtract  from  tlie 
remainder,  the  sun's  parallax,  which  is  B'\  or  more  accurately  8.6".  Call 
the  last  remainder  the  Reduced  parallax.  In  occultations  of  a  fixed  etar^ 
the  first  remainder  is  the  reduced  parallax. 

Subtract  the  longitude  of  the  nonagesimal  from  the  moon's  longitude, 
increasing  the  latter  by  360°,  if  necessary  ;  then,  if  the  remainder  is  leee 
than  180°,  it  is  the  moon's  distance  to  the  eaet  of  the  nonagesimal,  which 
call  D  ;  but  if  the  remainder  is  greater  than  180°,  subtract  it  from  360°, 
and  the  second  remainder  will  be  D,  the  moon's  distance  to  the  west  of 
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the  noDagesimal.  Wh^n  the  moon's  latitude  10  northf  mtbtrad  U  firom 
90°,  but  when  it  is  souths  add  it  to  90°  ;  the  difference  or  sum  will  be  the 
moon's  distance  from  the  north  pole  of  the  ecliptict  which  call  d.  Call 
the  altitude  of  the  nonagesimal  h,  and  the  reduced  parallax  P. 

Of  the  two  followinfir  methods  of  finding  the  apparent  longitude  and 
latitude  it  may  be  obsenred,  that  the  first  is  generaU  and  may  be  used 
either  in  eclipses  or  occultations.  The  second  is  applicable  ordy  in 
eclipses  cfthe  9un^  or  when  it  is  known  that  the  apparent  latitude  is  small. 
It  is  more  concise  than  the  first,  and  though  not  quite  so  accurate,  yet  the 
errors  will  seldom  exceed  two  or  three  tenths  of  a  second.  In  workiqg 
by  either  method,  the  student  must  observe,  that  when  logarithms  are 
directed  to  be  added  together,  the  tens  in  the  resulting  indejiL  are  to  be 
rejected.  When  the  logarithm  of  an  arc  is  to  be  taken,  the  arc  must  first 
be  reduced  to  seconds ;  and  when  an  arc  is  found,  corresponding  to  a 
logarithm,  it  is  in  seconds. 

FIBST   METHOD. 

Wlwih  may  he  used  eUker  in  Edipees  rfthe  Stm,  &r  in  OecuUaiUms. 

Add  together  the  logarithm  of  P,  the  sine  of  h,  and  the  arithmetical 
complement  of  the  sine  of  d,  and  call  the  resulting  logarithm  e.  To  the 
logarithm  c,  add  the  sine  of  D,  and  the  result  will  be  the  logarithm  of  an 
arc  «•  Add  together  the  logarithm  c,  and  the  sine  of  (D  +  u),  and  the 
result  will  be  the  loigarithm  of  an  arc  »'.  Add  together  the  logarithm  c, 
and  the  sine  of  (D  +  ti'),  and  the  result  will  be  the  logarithm  of  p,  the 
parallax  in  longitude.  Except  when  great  accuracy  is  required,  the  last 
operation  need  not  be  performed,  and  p  may  be  placed  instead  of  ti'. 

Addp  to  the  moon's  true  longitude,  when  the  moon  is  to  the  east  of 
the  Donag esimal,  but  eubtractt  when  it  is  to  the  wettf  and  the  result  will 
be  the  apparent  longitude. 

When  the  apparent  latitude  is  necessarily  small,  as  mecUpses  of  the  sun^ 
add  together  the  logarithm  of  P,  and  the  cosine  of  A,  and  the  result  will 
be  the  logarithm  of  an  arc  x.  But  in  occuUatian»f  add  together  the  loga- 
rithm of  P,  the  cosine  of  A,  and  the  sine  of  c2,  and  the  result  will  be  the 
logarithm  of  an  arc  v.  To  d,  add  9,  attending  to  the  sign  of  the  latter. 
Then  add  together  the  logariihm  of  o,  the  sine  of  (d  +  «),  and  the  aiith- 
metical  complement  of  the  sine  of  d,  and  the  result  will  be  the  logarithm 
of  the  arc  x* 

To  d,  add  x,  attending  to  the  sign  of  the  latter.  Then  add  together 
the  logarithm  of  P,  marked  negative,  the  sine  of  A,  the  cosine  of  (D  +  i 
|>),  and  the  cosine  of  (d  +  ^))  and  the  resuh  will  be  the  logarithm  of  an 
arc  z.  The  arc  x^  applied  according  to  its  sign,  to  the  sum  of  d  and  or, 
will  give  the  apparent  polar  distance^  And  the  difference  between  this 
and  90°,  will  be  the  apparent  latitude^  which  will  be  north  or  eatUhf 
seeding  as  the  polar  distance  is  kas  or  greater^  than  90°. 
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The  sum  of  a;  and  «,  regard  being  had  to  their  signs,  will  be  the  parallax 
ID  latitude. 

Add  together  the  logarithm  of  the  moon's  horis^ontai  semidiameter,  the 
sine  of  the  apparent  polar  distance,  the  sine  of  (D  +  ti),  the  arithmetical 
complement  of  the  sine  of  if,  and  the  arithmetical  complement  of  the  sine 
of  D,  and  the  result  will  be  the  logarithm  of  the  augmented  semidiameter. 

SECOND   KETHOD. 

Which  can  only  he  used  when  the  Apparent  Latitude  is  small,  as  in  Eclipses 

of  the  Sun. 

Add  together,  the  logarithm  of  P,  the  cosine  of  A,  and  the  arithmetical 
complement  of  the  sine  of  d^  and  the  result  will  be  the  logarithm  of  an 
arc  ^.  Add  together,  the  logarithm  of  x,  the  tangent  of  A,  and  the  sine 
of  D,  and  the  result  will  be  the  logarithm  of  an  arc  u.  Add  together,  the 
logarithm  of  u,  the  sine  of  (D  +  u,)  and  the  arithmetical  complement  of 
the  sine  of  D,  and  the  result  will  be  the  logarithm  of  jp,  the  parallax  in 
longitude.  Take  the  sum  of  d  and  x,  attending  to  the  sign  of  the  latter. 
Then,  add  together  the  logarithm  of  p,  the  logarithm  of  the  diflference 
between  (d  +  x)  and  90°,  the  arithmetical  complement  of  the  logarithm 
of  If,  and  the  arithmetical  complement  of  the  sine  of  d,  and  the  result  will 
be  the  logarithm  of  the  apparent  latitude,  which  will  be  north  or  souths 
according  as  (d  +  x),  is  less  or  greater  than  90°. 

The  parallax  in  longitude,  p,  added  to  the  moon's  true  longitude,  whea 
Che  latter  is  greater  than  the  longitude  of  the  nonagesimal,  but  subtraetedy 
when  it  is  less,  gives  the  apparent  longitude. 

Add  together,  the  logarithm  of  the  moon's  horizontal  semidiameter,  the 
nne  of  (D  +  u),  the  arithmetical  complement  of  the  sine  of  d,  and  the 
arithmetical  complement  of  the  sine  of  D,  and  the  result  will  be  the  loga- 
rithm of  the  augmented  semidiameter.* 

Note.  Tn  eclipses  of  the  sun,  it  is  not  strictly  the  apparent  longitude 
and  latitude  of  the  moon  that  are  found  by  the  preceding  rules,  but  the 
values  of  those  quantities,  including  the  sun's  parallax  in  longitude  and 
latitude,  which  are  the  values  wanted  in  the  calculation. 

Exam.  1.  About  tlie  time  of  beginning  of  the  eclipse  of  the  suo,  on  the 
27th  of  August,  1821,  the  longitude  of  the  nonagesimal  degree,  at  Phila- 
delphia, was  88°  23'  54",  the  altitude  73°  41'  34",  moon's  true  longitude 
162°  31'  1",  true  latitude  0°  11'  38"  N.,  equatorial  parallax  66'  18",  and 
semidiameter  16' 3^;  required  the  apparent  longitude  and  latitude,  and 
the  augmented  semidiameter. 


*  The  rales  in  the  first  method,  are  deduced  from  fbrmuIiB  C,  6,  and  H,  of  articles 
54,  56,  and  57,  chap.  %.  Those  in  the  second,  fVom  C,  F,  and  H,  of  articles  54, 55, 
•ad  57.  « 
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Equal,  par. 
Reduction 
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66*>   18'            Moon's  long.         152°     31'    1" 
6          •   Long.nonag.          88     23     54 

Sun's  paral. 

65     13                             -       D=i64       7       7 
9     /                           -    A -.73    41     34 

P  = 
P      .        - 

k 
d   - 

=  66       4                                     d  —  89     48     22 

.  BY  THB  PHIBT  METHOD. 

3304"      -        .         -     log.  3.61904 

73°  41'    34"            -         .         sin.  9.98217 

-     89     48     22        -        Ar.  Co.  sin.  0.00000 

D        -        . 

c.     3  60121 
64       7       7     -         -        -sin.  9.96410 

tl    .        - 

2863"       .         -         -    log.  3.46631 

D  +  tt 

c.     3.60121 
64     64 .  40     -        -        -        sin.  9.96696 

ii' 

2872"       .         -         -     log.  3.46817 

D  +  ii' 

c.     3.60121 
64     54     69     -         -        -        sin.  9.96698 

P    - 

True  long. 

47'    62.1"   '          -         -     log.  3,45819 
162     31       1 

App.  long. 

P 
h    - 

163     18     63,1 

log.  3.61904 

73°  41'    34"            -         -         «>••  9-44838 

X             '           ' 

P 

h 

D  +  ip 

d  +  x 

16     27.7      -         -         -    log.  2.96742 

log.  — 3.51904 

sin.  9.98217 

64     31       3       -         -         -          COS.  9.63371 
90       3     49.7          -         -         COS,  —  7.0.4434 

301 


Ap.  pol.  dist.     90      3     61.2 
90      0      0 

Ap.lat.  0      3    51.2  S. 


1.6  -        -        log.  0.17926 
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Hot.  semiditm.  BOS'"         -        -        -    log.  2.96569 

App.  pol.  dist.         90°  3'  bV    -        -        -        sin.  10.00000 

D  +  n sin.  9.96696 

d Ar.  Co.  sin.  0.00000 

D         -        •        -        -        -        -         Ar.  Co.  SID.  0.04690 

Augmented  MOiidiain.     16'  9"  -        •         leg.  2.96866 

BT  THB  fll!00in>  HSTHOD. 

1^  .         -  3304"  .         .         .     log.  3.61904 

A        -         .         TS**  41'    34"     .         -         -        COS.  9.44838 
d  -        -     89     48     22  -        Ar.  Go.  sin.  O.OOOOO 

X       '        '  16     27.7  -         -         log.  2.96742 

h  -        .     73     41     34  -        -        -     taD.  10.63379 

D       .        -        64      7       7       .        -        -        sin.  9.96410 

u  -         -  47     33  -         -        -     log.  3.46631 

D Ar.  Co.  sin.  0.04690 

D  +  u  -     64    64    40  .        -        -    sin.  9.96696 

p        '        '                47     62       -         .  -         log.  3.46817 

(d  +  «)— 90°,             3    49.7       -  -        -    log.  2.36116 

u Ar.  Co.  log.  6.64469 

d Ar.  Co.  sin.  0.00000 

App.  lat.  3    61.2  S.        -        -        log.  2.36402 

Moon's  true  long.  -        -        -        162°  31'      1" 

p      '        '        -        -  -        -  47    62 

App*  long.  •        -        .        -         ]j»     18     63 

Hor.  semidiam.  903"     -        -        .        log.  2.96669 

D  +  u sin.  9.96696 

d Ar.  Co.  sin.  0.00000 

D Ar.  Co.  sin.  0.04690 

Augmen.  eemid.  16'  9"     -        •       •        log.  2.96866 

2.  Given  the  longitude  of  the  nonagesimal  67°  29^  8'^  the  altitude  67^ 
56'  36",  the  moon's  true  longitude  3*  18°  27'  36",  latitude  4°  6'  30"  S., 
reduced  parallax  61'  V%  and  horizontal  semidiameler  16'  40^ ;  to  ind  the 
moon's  apparent  longitude,  latitude,  and  augmented  semidiameter. 

D  «  40°  68'  27",  h  -  67°  66'  36",  d  -  94°  5'  30",  P  ss  61'  1". 
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P  •        -  3661"         -        •        -    log.  3.66360 

A       -        .        67^  66'    36"     •        -        -        ain.  9.92816 
d  -        •    94      6    30  •        Ar.C«H  sin.  0.00 111 

c.     3.49286  ' 
D      .        -        40    68     27        .        -        -        sin.  9.81672 

«  •         -  34      0  -        -         -     log.  3.30968 

c.  3.40286 
J>  +  u  41  32  27   -    -    •    «a.  9.82161 

«'    -    -     34  23     ...  log.  3.31447 

e.     3.49286 
D+ii'  41     32    60       .        -        -        Bin.  9.82167 

P  -        -  34     23.1        ...     log.  3.31463 

True  long.    3«    18    27    36 

App.  long.    3     19       1     68.1 

P log.  3.66360 

h  .        -     67     66     36  -        -        -     coa,  9.7i490 

d       '        -        94      6     30       -         -        -        sin.  9.99889 

» il         -         •             32     18  -        -         -     log.  3.28739 

d  +  9        -         94     37     48        -         -         -        sin.  9.99868 
d Ar.  Co.  sin.  0.00 Ml 

«      •        •  32     16.8         -         -        -    log.  3.28708 

P log.  — 3.66360 

h sin.  9.92815 

D  +  ip  41     16     39     .  -        -   •     cos.  9.87606 

d  +  x  94     37     46.8         -         .  cos.  —  8..90696 

*  +       3       8.3  .         .         log.  2.27476 

Ap.  pol.  diflt.     94    40    66.1 
90      0      0 

App.  lat.  4     40    66.1 

Ilor.  semidiam.  1000"        -        •        .    log.  3.00000 

App.  pol.  dist.       94''  40"  66"'  •        -        sin.  9.99866 

I>  +  tt -    sin.  9.82161 

d Ar.  Co.  sin.  O.OOni 

D         •        -        -        .        -        .         Ar.  Co.  sin.  0.18328 

AugOD.  semidiam.     16'  60.8"      •        -        •        log.  3.00466 
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3.  About  the  middle  of  the  eclipse  of  the  sun,  on  the  27tfa  of  August, 
1821,  the  longitude  of  the  nonagesimal,  at  Philadelphia,  was  105^  Si!  18'% 
the  altitude  TS""  43'  32",  moon*s  true  longitude  IdS""  13'  62",  latitude 
(|0  ^1  ^^i  N.  reduced  parallax  bh*  12'',  and  semidia meter  16'  3"  ;  required 
the  apparent  longitude  and  latitude,  and  the  augmented  semidiameter. 
An».  App.  long.  163''  53^  IT ;  app.  lat.  0°  8'  44'^S. ;  augm.  semidiara. 
16'  12.2". 

4.  About  the  end  of  the  eclipse  of  the  sun,  on  the  27th  of  August, 
1821,  the  longitude  of  the  nonagesiroal,  at  Philadelphia,  was  121°  21'  26^ 
altitude  69°  30'  44",  moon's  true  longitude  163°  66'  16",  latitude  0°  3' 
47"  N.,  reduced  parallax  66'  10",  and  semidiameter  16'  3";  required  the 
apparent  longitude  and  latitude,  and  the  augmented  semidiameter. 

An*.  App.  long.  164°  24'  21";  app.  lat.  0°  16'  40"  S. ;  augm.  semi- 
diam.  16'  14.4". 

PROBLEM  XXVIII. 

Tofindfnm  the  Tables ^  the  Time  of  New  or  Full  moon^  for  a  green  Yea^ 

and  Month* 

For  New  Moon* 

Take  from  table  III,  the  mean  new  moon  in  January,  for  the  given  year, 
and  the  arguments  I,  II,  III,  and  IV.  Take  from  table  IV,  as  many  luna- 
tions, and  the  corresponding  arguments  I,  II,  III,  and  IV,  as  the  number* 
of  the  given  month  exceeds  a  unit,  and  add  these  quantities  to  the  former, 
rejecting  the  ten  thousands  in  the  first  two  arguments,  and  the  hundreds 
in  the  other  two.  Take  the  number  of  days  coriesponding  to  the  given 
month,  from  the  second  or  third  column  of  table  V,  according  as  the  given 
year  is  a  common  or  a  bissextile  year,  and  subtract  it  from  the  sum,  m  the 
column  of  mean  new  moon,  the  remainder  will  be  the  tabular  time  of 
mean  new  moon  in  the  given  month.  If  the  number  of  days,  taken  from 
table  V,  is  greater  than  the  sum  of  the  days  in  the  column  of  mean  new 
moon,  as  will  sometimes  be  the  case,  one  lunation  more  than  is  directed 
above,  with  the  corresponding  arguments,  must  be  added. 

With  the  arguments  I,  II,  Ijl,  and  IV,  take  the  corresponding  equations 
from  table  VI,  and  add  them  to  the  time  of  mean  new  moon  ;  the  sum 
will  be  the  Approximate  time  of  new  moon,  expressed  in  mean  time  at 
Greenwich. 

For  the  approximate  time  of  new  moon,  calculate  by  problems  VII  and 
XI,  the  true  longitudes  and  hourly  motions  in  longitude  of  the  sun  and 
moon.  Take  the  difference  between  the  longitudes,  and  also  between 
the  hourly  motions.  Then,  as  the  difference  between  the  hourly  motions 
:  the  difference  between  the  longitudes  :  :  60  minutes  :  the  correction. 
The  correction,  added  to  the  approximate  time  of  new  moon,  when  the 
sun's  longitude  is  greater  than  the  moon's,  but  subtracted^  when  it  is  less^ 

*  The  nombers  for  the  monthB  are,  for  Janaaryi  1,  for  February,  3,  ibr  March,  3,  &c- 
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will  gife  fbe  true  time  of  new  mooni  expressed  in  meiin  tine  at  Oreeo- 
wich.  Tbis  time  may  be  changed  tu  apparent  time,  at  any  given  meri- 
dian, by  problems  VI  and  V. 

For  Full  Moon. 

When  the  time  of  mean  new  moon  in  January  of  the  given  year  is  on 
or  aAer  the  16tb,  subiraei  from  il,  and  the  arguments  I,  II,  HI,  and  IV,  a 
half  lunation,  with  the  corresponding  arguments,  taken  from  table  IV, 
increasing  when  necessary,  either  or  both  of  the  first  two  of  the  former  by 
10,000,  and  of  the  two  latter  by  100 ;  hot  add  them,  when  the  time  is 
before  the  16th.  The  result  will  be  the  tabular  time  of  mean  full  moon 
in  January,  and  the  corresponding  arguments.  Proceed  to  find  the  ap- 
proximate time  of  full  moon,  in  the  same  manner  as  directed  for  the  new 
moon.* 

Cahnilate  the  true  longitudes  and  hourly  motions  in  longitude  of  the 
sun  and  moan,  for  the  approximate  time  of  full  moon.  Subtract  the  sun's 
longitude  from  the  moon's,  and  call  the  remainder  R.  Also,  sabtract  the 
hourly  motion  of  the  sun  from  that  of  the  moon.  Then,  as  the  difference 
of  the  hourly  motions  :  the  difference  between  R  and  VI  signs  :  :  60 
minutes  :  the  correction.  The  correction,  added  to  the  approximate 
time  of  full  moon,  when  R  h  h»i  than  VI  signs,  but  subtracted  when  it  is 
greater^  will  give  the  true  time  of  full  moon. 

Exam.  1.  Required  the  time  of  new  moon  in  August,  1821,  expressed 
in  apparent  time  at  Philadelphia. 


M.  New  Moon. 

I. 

II. 

III. 

IV. 

1821, 
8km. 

d.     h.  m. 

2  17  59 

236     5-52 

0092 
6468 

7859 
5737 

80 
22 

78 
93 

Days, 

238  23  51 
212 

6560 

3596 

02 

71 

August, 
I. 

11. 
III. 

IV. 

26  23  51 

0  54 

2  13 

9 

10 

August, 

27     3     17 

Approximate  time. 

Snn^s  true  long,  found  for  the  approx.  time,  is    5*  3^  57'    H" 
Moon's  do.  5     3     56     43 


Difference, 


0     29 


*  When  the  half  lanation  and  argamenta  are  to  be  added,  the  addition  may  be  left 
till  the  proper  number  of  lunations,  with  their  corresponding  argnments,  are  placed 
nnder,  and  thns  make  oee  addition  serve. 

39 
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Moon's  hourly  motion  in  long*  is      -        •        •        •    30'    66'' 
Sun's      -        •         do. 2     26 


Difference^ 


28     30 


n)>    m*  sec* 
As  28'  30''  :  29"  : :  60  :  1     1,  the  correction. 


Approx.  time  of  new  mooD» 
Correction, 


d«    h.  ro.  see* 

August,  27     3  17    0 
.        .  +     I     I 


True  time,  in  mean  time  at  Greenwich, 
Equation  of  time. 


Apparent  time  at  Greenwich, 
Diff.  of  meridians. 


27  3 

18  1 
1  19 

27  3 
6 

16  42 
0  40 

Apparent  time  at  Philadelphia, 


26  22  16     2 


2.  Required  the  time  of  full  moon  in  Julj,  1823,  expressed  in  appareol 
time  at  Philadelphia. 


M.  New  Moon. 

I. 

II. 

III. 

IV. 

d.  h.  m. 

1823, 

n  0  20 

0304 

6787 

61 

66 

ilun. 

14  18  22 

404 

6369 

68 

60 

61un. 

177  4  24 

4861 

4303 

92 

95 

202  23  6 

6669 

6449 

11 

0 

Days, 

181 

July, 

21  23  6 

J. 

2  66 

11. 

13  7 

Ill- 

6 

IV. 

20 

July, 

22  16  33 

Approximate  time* 

Moon's  true  long,  found  for  the  approx*  time,  is    9«  29®  24'  61" 
Sun's  do.         -        -        .        .        3  29  26  23 


R. 


6  29  69  28 
6     0     0    0 


Diff*  0  32 
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MooD*s  hourly  motion  in  long,  ia      -         -        -        -    29'  34" 
Sun'i -  2  23 

Difference, 27  11 

nir    m.  sec. 
As  2rn"  :  32"  : :  60  :   t    11.  the  correction. 

d.     h.  m.  sec. 
Approximate  time  of  full  new  moon,  July,  22  15  33    0 

Correction,  •        -        -        -        -         -  +111 

True  time,  in  mean  time  at  Greenwich,        -        22  15  34  1 1 
Equation, .^6     2 

Apparent  time  at  Greenwich,     -        •        -        22  15  28     9 
Diff.  of  meridian, 5    0  40 


Apparent  time  at  Philadelphia,  -        -        22  10  27  29 

3.  Required  the  time  of  new  moon  in  July,  1821,  expressed  in  appa- 
rent time  at  Philadelphia.     Ans.  28  d.  9h.  10  m.  4  sec.  P.  M. 

4.  Required  the  time  of  full  moon  in  July,  1821,  expressed  in  appa- 
rent time,  at  Philadelphia.     Ans,  14  d.  11  h.  17  m.  53  sec. 

PROBLEM  XXIX. 

To  determine  idkat  EcUpees  may  be  expected  to  occur  in  any  gioen  year^ 
and  the  times  nearly  f  at  which  they  will  tahe  place. 

For  the  Eclipses  of  the  Sun. 

Take,  for  the  given  year,  from  table  III,  the  time  of  mean  new  moon  in 
January,  the  arguments  and  the  number  N.*  If  the  number  N  differs 
less  than  53,  from  0,  500,  or  1000,  an  eclipse  of  the  sun  may  be  expected 
at  that  new  moon.  If  the  difference  is  less  than  37,  there  must  be  one. 
When  the  difference  is  between  37  and  53,  there  is  a  doubt,  which  can 
only  be  removed  by  calculation. 

If  an  eclipse  may  or  must  occur  in  January,  calculate  the  approximate 
time  of  new  moon  by  problem  XXVIII,  and  it  will  bo  the  time,  nearly,  at 
which  the  eclipse  will  take  place,  expressed  in  mean  time  at  Greenwich. 
This  time  may  be  reduced  to  the  meridian  of  any  other  place  by  pro- 
blem V. 

Look  in  column  N  of  table  IV,  and,  excluding  the  number  belonging 
to  the  half  lunation,  seek  the  first  number  that,  added  to  the  number  N  of 


*  The  namber  N,  in  this  table,  dMig:natM  the  ran*8  mean  distanoe  from  the  moon's 
ascending  node,  expressed  in  thousandth  parts  of  the  circle. 
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the  given  year,  will  make  the  sum  come  within  63,  of  0,  600,  or  1000. 
Take  the  corresponding  lunations  and  arguments,  and  this  number  N,  and 
add  them  to  the  similar  quantities  for  the  given  year.  Take  from  the 
second  or  third  column  of  table  V,  according  as  the  given  year  is  cammim 
or  bissexlile^  the  number  of  days  next  less  than  the  sum  of  the  days  in  the 
column  of  mean  new  moon,  and  subtract  it  from  the  time  in  that  column  ; 
the  remainder  will  be  the  tabular  time  of  mean  new  moon  in  the  month 
corresponding  to  the  days,  taken  from  table  V.  At  this  new  moon  an 
eclipse  of  the  sun  may  be  expected  ;  and  if  the  sun  of  the  numbers  N, 
differs  less  than  37  from  the  numbers  mentioned  above,  there  mu^  be 
one.  Find  the  time  nearly,  of  the  eclipse,  by  calculating  the  approximate 
time  of  new  moon  as  directed  above. 

If  there  are  any  other  numbers  in  the  column  N,  of  table  IV,  that,  when 
added  to  the  number  N  of  the  given  year,  will  make  the  sum  come  within 
the  lisait  63,  proceed  in  a  similar  manner  to  find  the  times  of  the  eclipses. 

Note*  When  the  time  at  which  an  eclipse  of  the  sun  will  take  place  is 
thus  found,  nearly,  and  reduced  to  the  meridian  of  a  given  place  in  nortli 
latitude,  if  it  comes  during  the  day  time,  and  if  the  sum  of  the  numbers  N, 
or  the  number  N  itself  when  the  eclipse  is  in  January,  is  a  little  above  0, 
or  a  little  less  than  500,  there  is  a  probability  thtii  the  eclipse  will  be  visible 
at  the  given  place.  When  the  number  N  in  January,  or  the  sum  of  the 
numbers  N,  in  other  months,  is  more  than  500,  the  eclipse  will  seldom  be 
visible  in  northern  latitudes,  except  near  the  equator. 

Far  ike  EcUpsee  of  the  Moan. 

When  the  time  of  new  moon  in  January  of  the  givee  year  is  on  oraAer 
the  16th,  eubtrad  from  it,  from  the  arguments,  and  the  number  N,  a  half 
lunation,  the  corresponding  arguments,  and  the  number  N ;  but  when  it 
is  before  the  16th,  add  them.  The  results  will  be  the  time  of  mean  full 
moon  in  January,  and  the  corresponding  arguments,  and  number  N. 
Proceed  to  find  the  times  at  which  eclipses  of  the  moon  may  or  muti  occur, 
exactly  as  directed  for  the  sun,  except  that  the  limits  35  and  26,  mast  be 
used  instead  of  53  and  37. 

Note*  In  an  eclipse  of  the  moon,  when  the  time  is  found  nearly,  and 
reduced  to  the  meridian  of  a  given  place,  if  it  comes  in  the  night,  it  will 
be  visible  at  that  place. 

Exam.  1 .  Required  the  eclipses  that  may  be  expected  io  the  year  1822, 
and  the  times  nearly,  at  which  they  will  take  place* 
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Far  ike  E^lxpu9  ef  the  Stm. 


1822, 
1  luo. 


Feb. 

I. 

II. 

III. 

IV. 

Feb. 


M. New  Moon. 

I. 

II. 

IIT. 

IV. 

N. 

d.    b.  m. 

21   15  32 

0602 

7182 

78 

66 

930 

29  12  44 

808 

717 

15 

99 

85 

61     4  16 

1410 

7899 

93 

65 

15 

31 

20     4  16 

Am  the  sDm  of  the  nmnben  N 

7  38 

cornea  within  37  of  0,  there  matt  be 

19  29 

an  eclipee. 

13 

11 

21     7  47 

Mean  time  at  Greenwich. 

18S2, 
7  lun. 


August, 

ii! 
III. 

IV. 

August, 


1822, 
i  lun. 


IIUD. 


Feb. 

I. 

II. 

in. 

IV. 
Feb. 


M.  New  Moon. 

1. 

II. 

in. 

IV. 

N. 

d.    b.  m. 

21   15  32 

0602 

7182 

78 

66 

930 

206  17     8 

5659 

5020 

7 

94 

596 

228     8  40 

6261 

2202 

85 

60 

526 

212 

16     8  40 
1  24 
0  40 

As  the  1001  of  the  mtmben  N 
oomee  within  37  of  500,  there  mutt 
he  an  eclipee, 

16 

14 

16  11   14 

Mean  time  at  Greenwich. 

M.NewMoon* 


d.   b.  m. 

21   15  32 
14  18  22 


6  21   10 
29  12  44 


36     9  54 
31 


5  9  54 
6  52 
0  20 

4 
29 


5  17  39 


I. 


0602 
404 


0198 
808 


1006 


II. 


7182 
5359 


1823 
717 


2640 


in.; 


78 
58 


20 
15 


35 


IV. 


66 
50 


16 
99 


15 


N. 


930 
43 


887 
85 


972 


At  the  warn  of  the  namben  N,  al- 
though it  comes  within  35  of  1000, 
does  not  come  within  35,  the  eclipse 
may  be  considered  doabtfiil.  It  mar* 
however,  be  observed,  that  fnrtber  eu- 
enlation  by  the  next  problem  would 
show  thai  there  will  be  a  small  eclipse. 

Mean  time  at  Greenwich. 
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M.  Full  Mooo. 

L 

II. 

III. 

IV. 

N. 

d.    h.  m. 

6  21    10 

0198 

1823 

20 

16 

887 

206  17     8 

6659 

6020 

7 

94 

506 

213  14  18 

5857 

6843 

27 

10 

483 

212 

1   14   18 

Am  the  stim  of  the  numberf  N 

2  14 

oomei  wtthia  25  of  500,  there  mnit 

19  26 

beauecUpee. 

3 

26 

2  12  27 

Mean  time  at  Greenwicb. 

1822, 
7lun. 


August, 

I. 

II. 

III. 

IV. 

August, 


2.  Required  the  eclipses  that  may  be  expected  in  1823,  and  the  times 
nearly,  at  which  they  will  take  place,  expressed  in  mean  time  at  Green- 
wich. Ans.  One  of  the  moon  on  the  26th  of  January,  at  5  h.  24  m.  P. 
M. ;  one  of  the  sun  on  the  1 1th  of  February,  at  3  h.  12  m.  A.  M.  ;  one 
of  the  sun  on  the  8th  of  July,  at  6  b.  50  m.  A.  M. ;  and  one  of  the  moon 
on  the  23d  of  July,  at  3  h.  33  m.  A.  M. 

PROBLEM  XXX. 

To  Calculate  an  Eclipse  of  the  Moon. 

Find  the  approximate  time  of  full  moon,  by  prob.  XXVIII,  and  for  this 
time  calculate  the  sun's  longitude,  semidiameter,  and  hourly  motion,  and 
the  moon's  longitude,  latitude,  equatorial  parallax,  semidiameter,  and 
hourly  motions  in  longitude  and  latitude.  Then  find  the  true  time  of  full 
moon  as  directed  in  prob.  XXVIII,  and  reduce  it  to  apparent  time  at  the 
place  for  which  the  calculation  is  to  be  made.  .  Call  the  reduced  time,  T. 

For  the  Moon't  Latitude  at  the  True  Time  ofiHM  Moon. 

As  1  hour  :  correction  for  the  time  of  full  moon  : :  moon's  hourly 
motion  in  latitude  :  correction  of  latitude.  When  the  true  time  of  full 
moon  expressed  in  mean  time  at  Greenwich,  is  later  than  the  approximate 
time,  the  correction  of  latitude  must  be  addedy  if  the  latitude  is  increasing^* 
but  subtracted,  if  it  is  decreanng  ;  but  when  the  true  time  is  earlier  than 
the  approximate  time,  the  correction  must  be  suhtractedt  if  the  latitude  is 
increoiingy  but  added,  if  it  is  decrea^ng.  The  result  will  be  the  moon's 
latitude  at  the  true  time  of  full  moen. 


*  When  the  moon*i  latitude  is  north,  tending  north,  or  eonth,  tending  south,  it  is 
inenating;  but  when  it  is  north,  tending  south,  or  south,  tending  north,  it  is 
dienmsing. 
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Far  the  SemAHametw  of  the  Earth's  Shadow. 

To  the  moon's  equatorial  parallax,  add  the  aunV,  which  may  be  token 
9"',  and  from  the  anm  subtract  the  semidiameter  of  the  sun.  Increase  ibe 
result  by  a  ^  part,  and  it  will  be  the  semidiameter  of  the  earth^s  shadow, 
which  call  S. 

For  the  Inclination  of  the  MoofCe  Relative  Orbit, 

To  the  arithmetical  complement  of  the  logarithm  of  the  difference  be- 
tween the  hourly  motions  in  longitude  of  the  moon  and  sun,  add  the  loga- 
rithm of  the  moon's  hourly  motion  in  latitude,  and  the  result  will  be  the 
tangent  of  the  inclination,  which  call  I. 

Add  together  the  constant  logarithm  3.55630,  the  cosine  of  I,  and  the 
arithmetical  complement  of  the  difference  between  the  hourly  motions  of 
the  moon  and  sun,  in  longitude,  rejecting  the  tens  in  the  index,  and  call 
the  resulting  logarithm  R. 

For  the  Time  of  the  Middle  of  the  Eclipee. 

Add  together  the  logarithm  R,  the  logarithm  of  the  moon's  latitude  at 
the  true  time  of  full  moon,  and  the  sine  of  I,  rejecting  the  tens  in  the 
index,  and  the  result  will  be  the  logarithm  of  an  interval  ^  in  seconds  of 
time,  which,  added  to  T,  when  the  latitude  is  decreaetng^  but  subtracted 
when  it  is  increasingy  will  give  the  time  of  the  middle  of  the  eclipse. 

For  the  Times  of  Beginning  and  End, 

To  t|)e  logarithm  of  the  moon's  latitude  at  the  true  time  of  full  moon, 
add  the  cosine  of  I,  rejecting  the  tens  in  the  index,  and  the  result  will  be 
the  logarithm  of  an  arc,  which  call  c.     Call  the  moon's  semidiameter,  d. 

To,  and  from,  the  sum  of  S  and  (/,  add  and  subtract  c.  Then  add  toge- 
ther the  logarithms  of  the  results,  S  +  <2  -f  c  and  S  +  d  —  c,  divide  the 
sum  by  2,  and  to  the  quotient  add  the  logarithm  R,  and  the  result  will  be 
the  logarithm  of  an  interval  x^  in  seconds  of  time,  which  subtracted  from, 
and  added  to,  the  time  of  the  middle,  will  give  the  times  of  the  beginning 
and  end. 

Note*  If  c  is  equal  to,  or  greater  than  the  sum  of  S  and  J,  there  can 
not  be  an  eclipse. 

For  the  times  of  Beginning  and  End  of  the  Total  Eclipse. 

To  and  from  the  difference  of  S  and  d,  add  and  subtract  c.  Then  add 
together  the  logarithms  of  the  results,  S  —  d  +  c,  and  S  —  d  —  c,  divide 
the  sum  by  2,  and  to  the  quotient  add  the  logarithm  R,  and  the  result  will 
be  the  logarithm  of  an  interval  x%  in  seconds  of  time,  which  subtracted 
from,  and  added  to,  the  time  of  the  middle,  will  give  the  times  of  the 
beginning  and  end  of  the  total  eclipse. 

Note,  When  c  is  greater  than  the  difference  of  S  and  d,  the  eclipse 
cannot  be  total. 
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For  ike  QiuaUity  of  ike  EeUpie. 

Add  together  tlie  constant  logarithm  0.77815,  the  bgarithra  of  (S  +  d 
— ^c),  and  the  arithmetical  complement  of  the  logarithm  of  <{,  rejecting  the 
tens  in  the  index»  and  the  result  will  be  the  logarithm  of  the  quantitj  of 
the  eclipse,  in  digits. 

NoU  1.  In  partial  eclipses  of  the  moon,  the  southern  part  of  the  moon 
is  eclipsed  when  the  .latitude  is  north,  and  (he  northern  part  when  the 
latitude  is  south. 

2.  When  (he  eclipse  commences  before  sunset,  the  moon  rises  about 
the  same  time  the  sun  sets.  To  obtain  the  quantity  of  the  eclipse  nearly, 
at  the  time  the  moon  rises,  take  the  difference  between  the  time  of  sunset 
and  the  middle  of  the  eclipse.  Then,  as  1  hour  :  this  difference  : :  dif« 
ference  between  the  hourly  motion  of  the  moon  and  sun,  in  longitude  :  a 
fourth  term.  Add  together  the  squares  of  this  fourth  term  and  of  the  arc 
c,  both  in  second^,  and  extract  the  square  root  of  the  sum.  Use  this  root 
instead  of  c,  in  the  above  rule,  and  it  will  give  the  quantity  of  the  eclipse 
at  the  time  of  the  moon'e  rising,  very  nearly.  When  the  eclipse  ends  afler 
sunrise  in  the  morning,  the  quantity  at  the  time  of  the  moon's  setting  may 
be  found  in  the  same  manner,  only  using  sunrise  instead  of  sunset. 

Exam.  1.  Required  to  calculate,  for  the  meridian  of  Phiiadelpbia,  tbe 
eclipse  of  tbe  moon,  in  July,  1823. 

The  approximate  time  of  full  moon,  is  July  22,  at  ISh.  33  m. 
Sun's  longitude  at  that  time,  -    3'  29° 

Do.    hourly  motion, 
Do.     semidiameter,      ... 
Moon's  longitude,  -        -        9    29 

Do.       latitude,  ... 

Do.        equatorial  parallax, 
Do.       semidiameter,  -        d* 

Do.       hor.  mot.  in  long. 
Do.  do.      in  lat. 


Approx,  time  of  full  moon,  July,    - 
Correct,  found  by  prob.  XXVIII. 

True  time,  in  mean  time  at  Greenwich, 
Equat.  of  time,     .... 


25' 

23" 

2 

23 

15 

46 

24 

,51 

9 

ION. 

54 

1 

14 

43 

29 

34 

2 

43,  tending  north* 

d.  h.  tti.  sec. 

- 

22  15  33  0 

+  1  11 

Apparent  time  at  Greenwich, 
Diff.  of  Long.       .        .        - 


22 

15  34 
—  6 

11 
2 

22 

15  28  9 
6  0  40 

Apparent  time  at  Philadelphia,  T.     22  10  27  29 

m.     m.  sec. 
As60  :   1   11  :  :  2'  43"  :  3",  the  correct,  of  lat. 
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Mood's  lat.  at  approz*  time, 9'    10"  N. 

Correction,  -        -  ■ +3 

Moon's  lat.  at  true  timet 9     13  N. 

Moon's  equatorial  parallax,         ....        54'      1" 
Sun's  do.  9 

Sum, 64    10 

Sun's  semidiameter, 15    46 

♦ 

38    24 
Add    - 0    38 

Semidiam.  of  earth's  shadow,         •        -        -        S.  39      2 

Moon's  hor.  mot.  less  sun's,       163!''      Ar.  Co.  log.  6.78755 
Moon's  hor.  mot.  in  lat.  163        •        -    log.  2.21219 

I        ....    5^  42'  -        .        tan^  8.99974 

3.55630 
I  -        -        -         5^  42'     -         -         -    COS.  9.99785 

Moon's  hor.  mot.  less  sun's  Ar.  Co.  log.  6.78755 

R.     0.34170 
Moon's  lat.  -         -        -         653 "        -        log.  2.74272 

I     .        .        -         .  5°  42'  -        -    sin.  8.99704 

i         .  121  sec.  s  2  m.    1  sec.  •        -        log.  2.08146 

T  .  lOh.  27m.  29sec. 

Middle,         10  h.  25  m.  28  sec. 

Moon's  lat. log.  2.74272 

I cos.  9.99785 

c  .         -     550" « 9' 10"  .         -         -     log.  2.74057 

S  +  d  +  c        -         •  3776"  -         log.  3.67692 

S  +  d  — c  -     •    -      2675     -         •         -     log.  3.42732 

2)7.00424 

^.50212 
R.     0.34170 
sec.       h.  m.  sec.  .  - 

X  «  6980  s=  1  56  20 log.  3.84382 

40 
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h.  m.  sec. 
Middle,  -  -  -  -  10  26  28 
X  ....  1     56     20 

BegioDiDg,         -        -        .       8    29      8 

End 12    21     48  A.  M.  of  23d  day 

S  — d  +  c         •        -        2009"  -        -     log.  3.30298 

S_d  — c    -        -        -       909  .        .        log.  2.95856 

2)6.26154 

3.13077 
R.    0.84170 

sec.      01.  sec  

a?'  s  2968  =  49  28 log.  3.47247 

h.     m.  sec. 

Middle, 10    25    28 

x'    ^ 49     28 

Begioning  of  the  tolal  eclipse,  9     36      0 

£nd  do.  11     14     56 

0.77815 

S  +  d  — c    - log.  3.42732 

d     -        -        .        -        883"  Ar.  Co.  log.  7.06404 

Digits  eclipsed,  18.2  •        -     '  log.  1.25961 

2.  Required  to  calculate,  for  the  meridian  of  Philadelphia,  the  eclipse 
of  the  moon,  on  the  2d  of  August,  1 822. 

Am,  Moon  rises  about  suoset,  8^  digits  eclipsed, 

Ecliptic  opposition, 7h.  16m. 

Middle, 7    23 

End, 8     55 

Digits  eclipsed  9,  on  moon's  northern  limb. 

3.  Required  to  calculate,  for  the  meridian  of  Philadelphia,  the  eclipse 
of  the  moon,  in  January,  1824. 

Ans.  Beginning,  January  16th,  at    -        -        •        -  2  17  A.  M. 

Middle, 3  43 

Ecliptic  opposition, 3  49 

End, 5      8 

^^ 'Digits  eclipsed  9.4,  on  moon^s  northern  limb. 
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PROBLEM  XXXI. 

To  Prefect  an  Eclipse  of  the  Moon. 

Find  the  true  time  of  full  moon,  the  moon^s  latitude  at  that  time,  the 
seroidiameter  of  the  earth^s  shadow,  the  sun's  hourly  motion,  and  the 
iDOon^s  semidiameter  and  hourly  motions  in  longitude  and  latitude,  as 
directed  in  the  last  problem. 

To  the  moon^s  hourly  motion  from  the  sun  in  longitude*  add  9",  and 
it  will  give  the  mocn^s  hourly  motion  from  the  «ttn,  on  the  Relative  Orbitf 
with  sufficient  accuracy  for  a  construction. 

Draw  any  right  line  AB,  Fig,  56,  for  a  part  of  the  ecliptic,  and  in  it 
take  a  point  C.  Take  the  semidiameter  of  the  earth's  shadow  from  a 
scalet  of  equal  parts,  and  with  the  centre  C  describe  a  circle  RST,  to 
represent  a  section  of  the  earth's  shadow.  Through  C  draw  KCL,  per- 
pendicular to  AB.  Take  the  moon's  latitude  from  the  scale,  and  set  it 
on  the  line  RL,  from  C  to  M,  above  AB,  when  the  latitude  is  norths  but 
beiow,  when  it  is  south.  Then  M  will  be  the  moon's  place  at  the  time  of 
ecliptic  opposition,  or  full  moon.  Draw  M6  parallel  to  AB,  and  to  the 
left  of  KL,  and  make  it  equal  to  the  moon's  hourly  motion  from  the  sun 
in  longitude.  Make  he  perpendicular  to  M6,  and  equal  to  the  moon's 
hourly  motion  in  latitude,  drawing  it  above  M69  when  the  latitude  is  tend- 
ing north,  but  below,  when  it  is  tending  south.  Through  M  and  c  draw 
the  indefinite  right  line  PQ,  and  it  will  be  the  moon's  relative  orbit. 

Make  the  proportion,  as  60  minutes  :  minutes  and  seconds  of  the  true 
time  of  full  moon  : :  moon's  hourly  motion  from  the  sun  on  the  relative 
orbit  :  a  fourth  term.  Take  this  fourth  term  from  the  scale,  and  lay  it 
00  the  relative  orbit  from  M  to  the  right  hand,  and  it  will  give  the  moon's 
place  at  the  whole  hour  next  preceding  the  time  of  full  moon.  Place 
the  number  of  the  hour  to  the  point  thus  obtained.  Then  commencing  at 
this  point,  and  with  the  moon's  hourly  motion  from  the' sun  on  the  relative 
orbit,  in  the  dividers,  set  off  equal  spaces  on  the  orbit,  on  each  side  of  the 
point,  and  thus  obtain  the  moon's  places  at  some  of  the  whole  hours,  pre- 
ceding and  following  the  hour  mentioned  above.  Put  the  numbers  of 
the  hours  to  these  places.  Divide  each  hour  space  into  four  equal  parts, 
for  quarters,  and  these  into  five-minute  or  minute  spaces. 

Through  C  draw  SOT,  perpendicular  to  PQ,  and  the  intersection  F 
will  be  the  moon's  plice  at  the  middle  of  the  eclipse.  With  the  centre 
C,  and  a  radius  equal  to  the  sum  of  the  semidiameters  of  the  earth's  shadow 
and  moon,  describe  arcs  cuttint;  PQ  in  D  and  H,  the  moon's  places  at  the 
beginning  and  end  of  the  eclipse.  With  the  same  centre,  and  a  radius 
equal  to  the  difference  of  the  semidiameteia  of  the  earth's  shadow  and 

*  Which  if  the  difference  of  their  hourly  motioni  in  longitade. 

t  A  soitabte  scale  is  one  often  minutes  to  an  inch.  It  may  also  be  observed,  that  it 
is  most  convenient  to  redooe  the  seconds,  in  the  quantities  to  be  taken  oS,  to  decimals 
ofmauDOte. 
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mooo,  provided  this  difference  is  greater  than  CF,  describe  other  arcs, 
cutting  PQ  in  E  and  G,  the  moon's  places  at  the  beginning  and  end  of 
the  total  eclipse*  If  the  difference  of  the  semidia  meters  of  the  earth's 
shadow  and  moon  is  less  than  CFt  the  eclipse  will  not  be  total. 

From  the  divisions  on  the  relative  orbit,  the  tiroes  at  which  the  moon  is 
at  the  points  D,  F,  and  H>  and  consequently  the  times  of  the  beginning, 
middle,  and  end  of  the  eclipse,  are  easily  estimated.  In  like  manner* 
when  the  eclipse  is  total,  the  beginning  and  end  of  the  total  eclipse  are 
determined  from  the  pointy  E  and  G. 

With  the  moon's  semidiametet  for  a  radius,  and  the  centres  D^  F,  and 
H,  describe  circles  to  represent  the  moon  at  the  beginning,  middle,  and 
end  of  the  eclipse. 

Take  the  distance  NS,  when  the  latitude  is  north,  but  UT,  when  the 
latitude  is  south,  and  measure  it  on  the  scale.  Then,  as  the  moon's  semi- 
diameter  :  this  distance  : :  6  digits  :  the  digits  eclipsed* 

iVbte.  The  quantities  used  in  constructing  an* eclipse  are  frequently 
called  the  Elements^  It  is  convenient  to  have  them  collected  in  order, 
before  commencing  the  construction.  The  true  time  of  full  moon,  which 
is  one  of  the  elements,  may  be  expressed  either  astronomically  or  in  com- 
mon reckoning ;  the  former  is  perhaps  the  most  convenient. 

ExAX.  1 .  Required  to  construct  the  eclipse  of  the  moon,  in  July,  182S, 
taking  the  time  for  the  meridian  of  Piiiladdphia. 

The  elements  for  this  construction,  the  most  of  which  have  been  found 
in  the  first  example  of  the  last  problem,  are  as  follows : 

ElemeiU^  CoUeded. 

True  time  of  full  moon,    July  !p2d,  10  h. 

Semidiam.  of  earth's  shadow,  .... 

Moon*s  latitude,  norfA, 

Moon's  hor.  mot.  from  sun,  in  long.  -        -        - 

Moon's  hor.  mot.  in  lat.  tending  norths 
Moon's  hor.  mot.  from  sun,  on  rel.  orb. 

Moon's  semidiameter, 

Sum  of  semidiam.  of  earth's  shadow  and  moon, 
Difference  of  do. 

Draw  AB,  Fig.  66,  take  the  point  C,  and  throu^  it  draw  KCL,  per* 
pendicalar  to  AB.  Take  the  moon^s  latitude,  9.22,  from  (he  scale,  end 
lay  it  on  KL,  from  C  to  M,  above  AB,  because  the  latitudie  is  north. 
Draw  M&  parallel  to  AB,  and  make  it  equal  to  27.18,  the  moon^s  hourly 
motion  from  the  sun  in  longitude.  Draw  he  perpendioalar  to  M6,  on  the 
upper  side,  because  the  latitude  is  tending  north,  and  make  it  equal  to 
2.72,  the  moon's  hourly  motion  in  latiude.  Through  M  and  c  draw 
the  relative  orbit,  PQ. 

As  60  minutes  :  27  m.  23  s^.  the  minutes  and  seconds  of  tke  true 


27  m, 

.23  sec. 

39' 

2*'«39.03' 

9 

13=  9.22 

27 

]]  «  27.18 

2 

43=  2.72 

27 

20  «  27.83 

14 

43  B  14.72 

63 

46  s  63.76 

24 

19  »  24.32 
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tine  of  fun  moon  : :  27.83,  tbe  moon's  hourly  motion  from  tho  raw  oo 
the  relative  orbit  :  }2«47,the  feurtb  term.  Teke  tliii  foorth  term  and 
lay  it  on  )he  relati?e  orbit,  from  M  Co  lOy  the  moon's  place  at  tfce  10th 
.hour,  in  this  example.  Take  27.35,  the  moon's  hourly  motion  from  tbe 
sun  oo  the  relative  orbit,  and  hiy  it  from  10  to  9,  and  9  to  8,  and  on  the 
other  side,  from  10  to  II,  11  to  12,  and  13  to  13,  for  the  moon's  places 
at  those  hours.  Divide  the  hour  spaces  into  quarten^  end  these  into  five 
minute  or  minute  epaoes* 

Through  G  draw  SCT,  perpendicolar  to  PQ,  interaeotinif  it  in  F, 
which  will  be  tbe  moon's  place  at  tbe  middle  of  the  eclipse.  With  the 
radios  63.75,  <lhe  sum  of  the  semidiameters  of  the  earth's  shadow  and 
moon,  and  the  centre  C,  deooribe  arcs,  eutling  the  relative  orbit  in  D  and 
H,  the  moon's  places  at  tbe  begioning  and  end  of  the  eclipse.  With  the 
radios  24.82,  the  difference  of  the  semidiasnetera  ofihe  esrth'b  shadow 
and  moon,  describe  arcs,  cutting  the  relative  orbit  in  B  and  Q,  tbe  moon's 
places  at  the  beginning  and  end  of  tbe  total  eclipse.  Tbe  times  desig- 
nated by  tbe  points  D,  F,  H,  £,  and  G,  agree  nearly  with  the  beginning, 
middle,  and  end  of  tbe  eclipse,  and  beginning  and  end  of  tbe  total  eclipse, 
found  in  tbe  firat  example  of  the  last  problem. 

With  14.72,  the  moon*s  semidiameter,  for  a  radios,  describe  the  circles 
about  the  centres  D,  F,  and  H.  Take  the  distance  NS,  and  measuns  iton 
the  scale,  and  it  will  be  found  to  be  about  44.66.  Then,  14.72-  s  44.66 
::  6  digits  :  18.2  digits,  the  quantity  of  tbe  eclipse.  ■ 

2.  Construct  the  eclipse  of  the  moon,  mentioned  in  the  second  example 
of  the  hst  problem,  and  the  results  will  be  found  to  agree  nearly  with  the 
answer  there  given. 

3.  Construct  the  eclipse  of  the  moon,  mentioned  in  the  third  example 
of  the  last  problem. 

PROBLEM  XXXII. 

To  Prcject  an  EcUjme  of  the  9m^  for  a  given  place* 

Calculate  tbe  approximate  time  of  new  moon  by  prob.  XXVIII,  and 
for  that  time  calculate  the  sun^s  longitude,  semidiameter,  and  hourly 
motion,  and  the  moon's  longitude,  latitude,  equatorial  parallax,  semidiame^ 
ter,  and  hourly  motions  in  longitude  and  latitude.  Find  the  true  time  of 
new  moon  by  prob.  XXVIlf,  and  reduce  it  to  apparent  time  at  the  given 
place,  expressing  it  astronomically.  Also,  find  the  moon^s  latitude  at  the 
true  time  of  new  moon,  from  the  hourly  motion  in  latitude,  in  tbe  same 
manner  aa  directed  in  prob.  XXX*  for  finding  the  latitude  at  the  true 
time  of  fun  moon.  With  the  sun's  longitude  at  the  approximate  time  of 
new  moon,  neglecting  the  seconds,  and  taking  the  obliquity  of  the  ecliptic 
23°  28',  find  the  sun's  declination  by  prob.  Till.  Find  the  moon's  hourly 
motion  from  tbe  sun  oo  the  relative  orbit,  by  adding  9"  to  the  difierence 
of  their  hourly  motions  in  Idngitude.     Find  the  reduced  latitude  of  the 
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place  and  the  reduced  parallax,  by  prob.  XIII.  From  the  moon^s  reduced 
parallax  subtract  the  sun's  parallax,  which  may  be  taken  9",  and  the 
remainder  will  be  the  Semdiameter  of  the  CircU  ofPrcfection. 

Draw  a  right  line  AB,  J^.  57,  and  in  it  take  a  point  G.  Take  the 
semidiameter  of  the  circle  of  projection  from  a  scale  of  equal  parts,  and 
with  the  centre  C,  describe,  on  the  upper  side  of  AB,  the  semicircle  ADB, 
to  represent  the  northern  half  of  the  circle  of  projection.  When  the  lati- 
tude of  the  place  is  souths  the  whole  circle  must  be  described.  Through 
0,  and  perpendicular  to  AB,  draw  the  line  TCY^  to  represent  the  uni- 
vereal  meridian.  With  a  sector,*  opened  to  the  radius  AC  or  CB,  set  off 
from  D,  the  arcs  DV,  DR,  each  equal  to  the  obliquity  of  the  eclipUc, 
which  may  be  taken  23°  28' ;  join  RV,  and  on  it  describe  the  semicircle 
RTV.  With  the  sector^  opened  to  the  radius  OV  or  OR,  make  the  arc 
VU,  equal  to  the  sun*s  longitude.  When  the  longitude  exceeds  Yi  signs, 
take  VI  signs  from  it,  and  set  off  the  remainder  from  R,  round  towards  V* 
Draw  UW  perpendicular  to  RV,  and  through  W  draw  CWL,  and  it  will 
be  the  projection  of  the  circle  of  latitude  which  passes  through  the  moon 
at  the  time  of  new  moon.  Take  the  moon's  latitude  from  tlie  scale,  and 
lay  it  on  CL,  from  C  to  M,  above  AB,  when  it  is  nortk^  but  on  LG  pro- 
duced, bdow  AB,  when  it  is  eouih*  Then  M  will  be  the  moon's  place  at 
the  true  time  of  ecliptic  conjunction.  From  M,  draw  M&  perpendicular 
to  GL,  to  the  left  hand,  and  make  it  equal  to  the  moon's  hourly  motion 
from  the  sun  in  longitude.  Draw  be  perpendicular  to  Mi,  aboee^  when 
the  latitude  is  tending  northf  but  below^  when  it  is  tending  «atiM,  and  make 
it  equal  to  the  moon's  hourly  motion  in  latitude.  Through  M  and  c  draw 
the  moon's  relative  orbit,  PQ.  Make  the  proportion,  as  60  minutes  : 
minutes  and  seconds  of  the  true  time  of  new  moon  : :  moon's  hourly 
motion  from  the  sun  on  the  relative  orbit  :  a  fourth  term.  Take  this 
fourth  term  from  the  scale,  and  lay  it  on  the  relative  orbit,  from  M  to  the 
right  hand,  and  it  will  give  the  moon's  place  at  the  whole  hour  next  pre- 
ceding the  time  of  new  moon.  Take  the  moon's  hourly  motion  from  the 
sun  on  the  relative  orbit,  from  the  scale,  and  with  it  lay  off  equal  spaces 
on  each  side  of  the  moon's  place,  just  found,  and  thus  obtain  the  moon's 
places  for  four  or  five  other  hours,  contiguous  to  the  time  of  new  moon, 
some  of  them  preceding  and  some  following  it.    When  the  time  of  new 

*  For  the  manner  of  naiDg  the  aector,  see  the  note  at  the  bottom  of  page  127. 
To  what  ia  there  aaid  reapecting  the  mauier  of  naing  it,  may  be  added,  that  when 
an  are  greater  than  60^  ia  to  be  bdd  ofl^  it  may  be  done  by  applying  the  radioa  of 
the  eirde  aa  a  chord  to  the  are,  aa  many  timea  anooeMively  9M  90O  h  contained  in  the 
arc  to  be  laid  off,  and  then  with  the  lector,  laying  off  fiom  the  laat  point,  an  arc  equal 
to  the  remainder.  When  a  very  amall  arc  ia  to  be  laid  off  with  a  sector,  it  ia  better  to 
add  aome  oonatant  arc  to  it,  for  instance  lO^.  Then  taking  the  chord  of  the  aam  from 
the  aector,  lay  it  on  the  arc,  firom  the  given  point  to  a  aeoond  one,  and  taking  the  chord 
of  the  arc  which  waa  added,  aet  it  from  the  second  point  backwarda,  towarda  the  iirat 
The  arc,  mtercepted  between  the  hurt  point  and  the  given  one,  will  be  the  are  which 
waa  to  be  hud  off 
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noon  18  several  boun  before  noon,  there  should  be  more  places  foond  for 
hours  preceding  the  time  of  new  moon  than  for  the  hours  foUowing  it, 
«id  the  ecnUtary^  when  the  time  of  new  moon  is  several  hours  past  nooo. 
To  each  of  the  moon's  places,  thus  found,  put  the  number  of  the  hour. 

With  a  sector  opened  to  the  radius  AG  or  CB,  set  off  arcs  equal  to  the 
reduced  latitude  of  the  place,  from  A  to  £  and  B  to  F,  on  the  semicircle 
«5ooe  AB  when  the  latitude  is  norths  but  Moid,  when  it  is  soulA,  and  join 
£F.  With  the  sector,  opened  to  the  same  radius,  make  the  arcs  EG, 
£1,  FR,  and  FK,  each  equal  to  the  sun's  declination,  and  join  GH  and 
IE.  Bisect  vw  in  N,  and  through  N  draw  6  N  1 8,  parallel  U>  £F.  Make 
N  6  and  N  18,  each  equal  to  £r  or  rF^and  on  6  N  18  describe  the  semi- 
circle 6  Y  18.  With  the  centre  N,  and  radius  Ne  or  Nio^  describe  the 
circle  tieano.  Take  the  intervals  between  noon  and  each  of  the  hours 
marked  on  the  relative  orbit,  and  convert  them  into  degrees,  allowing  16^ 
to  each  hour,  and  they  will  be  the  hour  angles  from  noon.  With  the 
sector,  opened  to  the  radius  N  6  or  N  18,  lay  off  from  Y,  on  the  semicir- 
cle 6  Y  18,  the  arc  being  produced  above  6  N  18,  when  necessary,  arcs 
equal  to  each  of  the  hour  angles,  laying  them  to  the  rights  when  the  hoUra 
are  in  the/oreaoofi,  but  to  the  left^  when  they  are  in  the  afiemom^  and  at 
the  extremity  of  each  arc  place  the  number  of  degrees  which  it  contains. 
From, these  points,  draw  lines  parallel  to  the  universal  meridian  DY. 
Also,  from  the  same  points,  draw  lines  to  the  centre  N,  tntersecliiig  the 
circle  imane;  and  when  the  son's  declination  is  «oitf A,  produce  them  to 
meet  the  same  circle  on  the  other  side  of  N.  From  the  points  in  which 
these  lines  %nier$eei  the  circle  nexw,  when  the  son's  declination  is  ncHk^ 
but  from  the  points  in  which,  being  produced,  they  meet  it,  when  the  decli- 
nation is  wtdkf  dnw  lines  parallel  to  £F,  to  meet  respectively  the  cor- 
responding lines,  drawn  parallel  to  the  universal  meridian  ;  and  the  points 
in  which  they  meet  will  be  the  sun's  places,  on  the  circle  of  projection,  at 
the  hours  to  which  the  lines  correspond.  At  each  of  these  points  place 
the  number  of  the  hour  to  which  it  betongs.  The  points  6  and  18  are 
always  the  sun's  places  at  those  hours.  When  the  declination  is  noftA, 
the  point  v  is  the  sun's  place  at  noon,  designated  by  0 ;  but  when  the  decli- 
nation is  souths  the  point  t9  is  the  sun's  place  at  noon.  From  the  places 
of  the  moon  at  the  hours,  marked  on  the  relative  orbit,  draw  lines  parallel 
to  AB  or  £F,  to  meet  the  lines,  produced,  if  necessary,  which  are  parallel 
to  the  universal  meridian,  and  pass  through  the  sun's  places  at  the  same 
hoon,  in  the  points  S. 

Draw  a  right  line  AC,  F%g.  68,  and  in  it  take  a  point  «.  Take  the 
distance  from  each  of  the  points  S,  in  jFVg.  57,  to  the  corresponding  place 
of  the  moon  on  the  relative  orbit,  and  lay  it  on  AG,  from  «,  to  the  right 
or  l^j  according  as  the  moon's  place  is  to  the  right  or  l^  of  the  point 
8,  and  at  the  extremity  of  each  distance^  put  the  number  of  the  hour  to 
which  the  distance  corresponds.  Through  each  of  these  points  draw  lines 
perpendicular  to  AC.  This  may  be  roost  conveniently  done,  by  drawing 
through  one  of  the  points  a  perpendicular  line,  and  then,  parallel  to  this, 
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drawing  Itoes  through  the  others.  Take  from  Fig*  61  f  the  dtttanoee  firon 
the  son's  place  at  each  of  the  hours^  marked  oo  the  rdative  arbit»  to  the 
oorreapoodiog  point  S,  and  place  thein  on  the  perpendicuhrst  from  the 
same  numbeis  on  the  line  A€,  in  Fig*  58»  aboBe  or  bdmo  AG»  according 
as  the  point  S  in  Fig.  £7,  is  iEAaoe  or  below  the  eun's  place*  At  the 
eztrewties  pf. these  distances,  place  the  aame  numbers  that  are  on  tlie  line 
AC.  J«n  each  at^cent  two  of  these,  extremities,  arid  the  broken  line 
thds  formed  will  be  a  near  reprasentation  of  the  moon's  apparewif  reUtite 
orbit,  and  the  points  «ii  it  will  be  the  moon's'  places  at  the  bowra  denoted 
by  their  nusBbers. 

With  the  centre  ^,  and  a  radius  equal  to  tbe  sum  of  theeemidiameters 
of  the  sun  and  moon,  describe  arcs,  cutting  tbe  apparent  relative  orbit  in 
B  end  £,  whidi  will  be  the  moon's  places  at  the  beginning  and  end  ^  tbe 
eclipse.  Witb  the  centres  B  and  £,  and  a  ladiuB  greater  than  Jbalf  tbe 
distance  of  tliese  points,  describe  two  nrcs,  cutting  each  other  in  a*  Lay 
the  edge  of  a  ruler  from  «  to  n,  aod  draw  the  line  D«Ga,  intersecting  the 
apparent  orbit  in  G,  which  will  be  the  moon's  place  at  the  time  of  greatest 
obscuration.  From  the  moon's  place  on  tbe  appasent  orbit  at  the  whole 
hour  next  following  tbe  end  of  the  eclipse,  draw  a  right  line  LN  in  any 
convenient  direction,  and  taking  any  short  distance  in  the  dividers.  Jay  it 
over  12  times,  from  L  to  the 'point  M.  Then  LM  ia  to  be  considered  as 
representing  an  hour,  divided  into  parts  of  5  minutes  each,  which  must  he 
reckoned  from  L  towards  M.  Join  M  and  each  of  the  hour  points  on 
tbe  apparent  orbit.  From  the  points  B,  G,  and  E,  draw  the  lines  Be,  Gkf 
and  Ef,  respectively  parallel  to  the  lines  joining  M  and  tbefaours  nextyW- 
lowing  those  pdlnts,  and  meeting  the  lines  joining  M  and  the  bourn  next 
preceding  the  sanse  points,  in  the  points  c,  h^  a«id  f,  >  Draw  cb,  kg^  and 
fBf  respectively  parallel  to  lines  joining  L,  and  the  hours  next  fireoidii^ 
ttie  points  B,  G,  and  B.  Then  the  minutes  corresponding  to  d,  connected 
with  the  hour  next  preceding  B,  those  corresponding  to  gf  conneoted  with 
the  hour  next  preceding  G,  and  those  corresponding  to  e,  conneoted  with 
the  hour  next  preceding  E,  will  be  the  times  of  tbe  beginaingt  greatest 
obscuration,  and  end  of  the  eclipse. 

ff  a  circle,  described  about  the  centre  «,  with  a  radius  equal  to  the  dif- 
ference of  the  semidiameters  of  the  sun  and  moon,  cuts  the  apparent  orbit, 
the  eclipse  will  beannular  or  total ;  annvkr,  when  the  sun's  semidiameter 
is  gretOer  than  tbe  moon's ;  iakUi  when  it  is  lea*.  The  beginning  or  end 
of  the  annular  or  total  eclipse,  when  either  has  place,  may  be  found  in  tbe 
same  manner  ds  the  beginning  or  end  of  the  eclipse,  taking  tbe  points  in 
which  the  circle  eots  the  apparent  orbit. 

«  About  the  centres  #  and  G,  with  radii  respectively  equal  to  the  semi- 
diameters  of  tbe  sun  and  moonf  describe  circles  to  represent  those  bodies. 
Take  the  distanceDH,  and  applytng  it  to  the  scale,  obtain-  its  measure. 
Then,  as  the  sun's  semidiameter  :  measare  of  DH  9:6  digits  :  digits 
eclipsed. 

Take  the  interval  between  the  beginniag  of  the  ecUpse  and  noon,  and 
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convert  it  into  degrees.  With  tbe  sector  opened  to  the  radius  N  6,  or  N 
18,  Fig*  67,  lay  off  from  Y,  on  the  semicircle  6  Y  18,  the  arc  being  pro- 
daced  if  necessary,  an  arc  containing  this  number  of  degrees,  laying  it  to 
tbe  right  or  left,  according  as  the  time  of  beginning  is  before  or  after  noon, 
and  proceed  to  find  the  sun's  place  on  the  circle  of  projection  for  the  time 
of  beginning,  in  *the  same  manner  as  directed  above,  for  other  times. 
Mark  this  place  of  the  sun  with  the  letter  n,  and  join  Cn.  Make  the 
angle  G«V,  Fig.  58,  equal  to  the  angle  BCn,  Fig,  57,  and  join  «B. 
Then  e  will  represent  the  sun's  vertex  at  tbe  beginning  of  the  eclipse,  z 
the  place  at  which  the  eclipse  commences,  and  the  angle  V«B,  the  angular 
distaoee  of  this  point  from  the  sun's  vertex. 

Note*  The  times  of  beginning,  &c.  obtained  by  projection,  are  only 
approximate  values.  But  when  tbe  construction  is  carefully  made,  they 
will  seldom  err  more  than  one  or  two  minutes. 

Exam.  1.  Required  the  times,  &c.  of  the  eclipse  of  tbe  sun  of  August 
27th,  1821,  at  Philadelphia. 

The  different  elements  necessary  for  the  construction  are  easily  found, 
and  are  as  follows : — 

ElemenU  Collected, 

True  time  of  new  moon,    August,     26  d.  22  h.  15  m.  56  sec. 

Semidiameter  of  the  circle  of  projection,  55'  r'a55.02' 

Sun's  longitude, 153°  57' 

Sun's  declination,  north,      -        •        -        -           10  4 

Moon's  latitude,  norrA,            -        -         -        -  3  41  »    3.68 

Mooo*s  bor.  mot.  from  sun,  in  long.       -         -         -  28  30  »  28.5 

Moon's  hor.  mot  in  lat.  tending  southf     -        -  2  51  bs    2.85 

Moon*9  hor.  mot«  from  sun,  on  rel.  orb.         -        -  28  39  n  28.65 

Fourth  term, 7  36  =    7.6 

Sun's  semidiameter, 15  52  s=  15.87 

Moon's        do. 15      3  =  15.05 

Sum  of  semidiameters  ofsun  and  moon,         -        •  30  55  cs  30.92 

Latitude  of  Philadelphia,  reduced,             -        -       39  46  N. 

Draw  AB,  Fig.  57,  and  take  the  point  C.  Take  55.02',  the  semi- 
diameter of  the  circle  of  projection,  from  a  scale  of  equal  parts,  and  with 
the  centre  C,  describe  the  semicircle  ADB.  .  Through  C,  and  perpendi- 
cular to  AB,  draw  the  universal  meridian  TOY,  cutting  ADB  in  D. 
With  a  sector  opened  to  the  radius  AC  or  CB,  make  the  arcs  DR,  DV, 
each  equal  to  23°  28',  the  obliquity  of  the  ecliptic ;  join  RV,  and  on  it 
describe  tbe  semicircle  RTV.  With  the  sector  opened  to  the  radius  OR 
or  OV,  make  the  arc  VTU  equal  to  153°  57\  tbe  sun*s  longitude.  Draw 
UW  perpendicular  to  RV,  and  through  VV  draw  OWL.  Take  3.68',  the 
moon's  latitude,  from  the  scale,  and  lay  it  on  CL,  from  C  to  M,  above 
AB,  because  the  latitude  is  north.  Draw  Mb  perpendicular  to  CL,  and 
make  it  equal  to  28.5',  the  moon's  hourly  motion  from  the  sun  in  longi- 
41     - 
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tude.     Draw  be  perpendicular  to  Mb,  below  M&,  because  the  latitude  is 
tending  south,  and  make  it  equal  to  2.85'  the  moon's  hourly  motion  in 
latitude.     Through  M  and  c  draw  the  moon's  relative  orbit  PQ.     Take 
7.6',  the  fourth  term,  from  the  scale,  and  lay  it  on  the  relative  orbit,  from 
M  to  XXH,  the  moon's  place  at  that  hour.     Take  28.65',  the  moon's 
hourly  motion  from  the  sun  on  the  relative  orbit,  from  the  scale,  and  set 
it  over  from  XXII,  backwards  to  XXI,  XX,  and  XIX,  and  forwsrds  to 
XXIII,  for  (he  moon's  places  at  those  hours.     With  the  sector  opened  to 
the  radius  AC  or  CB,  make  the  arcs  AE  and  BF,  each  equal  m  «oo  *^ 
the  reduced  latitude  of  Philadelphia.     With  the  sector  opent 
radius,  make  the  arcs  EG,  EI,  FH,  and  FK,  each  equal  i 
sun's  declination,  and  join  GH  and  IK,  intersecting  the  univi 
in  10  and  «•     Bisect  vw  in  N  ;  through  N  draw  6  N  18,  p: 
and  make  N  6  and  N  18  each  equal  to  rE  or  rF.     With 
and  radius  N  6  or  N  18,  describe  the  semicircle  6  Y  18, 
same  centre,  and  radius  No  or  Nto,  describe  the  circle  uvxw 
vals  between  noon  and  the  hours,  marked  on  the  relative  o 
3,  4,  and  5  hours,  and  these  in  degrees  are  15^,  30^,  45°,  ( 
With  the  sector  opened  to  the  radius  N  6  or  N  18,  lay  off  ..»..  on 

the  semicircle  6  Y  18,  all  of  them  from  Y  to  the  right  hand,  because  the 
hours  are  all  in  the  forenoon.  From  the  points  15,  30,  45,  60,  and  75, 
which  are  the  extremities  of  the  arcs,  draw  the  lines  15,  23 ;  30,  22  ; 
45,  21 ;  60,  20;  and  75,  19,  parallel  to  the  universal  meridian  TY  ;  and 
(rom  the  same  points  draw  lines  to  the  centre  N,  not  producing  thora^ 
because  the  sun's  declination  is  north.  From  the  points  in  which  the 
lines  N  15,  N  30,  N  45,  N  60,  and  N  75,  intersect  the  circle  uvxw,  draw 
lines  parallel  to  EF,  respectively  meeting  the  lines  15,  23  ;  30,  22  ;  45, 
21  ;  60,  20  ;  and  75,  19,  in  the  points  23,  22,  21,  20,  and  19,  which  are 
the  sun's  places  at  those  hours.  From  the  points  XIX,  XX,  XXI,  XXII, 
and  XXIII,  draw,  parallel  to  AB  or  EF,  the  lines  XIXS,  XXS,  XXIS, 
XXIIS,  and  XXIIIS,  meeting  the  lines  75,  19;  60,  20;  45,  21 ;  30,  22; 
and  15,  23,  in  the  points  S.  Draw  AC,  Fig.  58,  and  in  it  take  the  poiot  s* 
Take  the  distances  SXIX,  SXX,  SXXI,  SXXII,  and  SXXIII,  Fig.  57, 
and  set  them  on  the  line  AC,  Fig.  58,  from  sXo  19,  20,  21,  22,  and 
23,  placing  the  first  three  to  the  right  of  «,  because  the  moon's  places 
at  those  hours  are  to  the  right  of  the  corresponding  points  S,  and  the 
other  two  to  the  left,  because  the  moon's  places  are  at  those  hours  to  the 
left  of  the  corresponding  points  S.  Draw  21,  XXI,  perpendicular  to  AC, 
and  parallel  to  U,  draw  19,  XIX  ;  20,  XX ;  22,  XXII ;  and  23,  XXIIL 
Take  the  distances  Si 9,  S23,  S21,  S22,  and  S23,  Fig.  57,  and  set 
them  in  Fig.  58,  from  19  to  XIX,  20  to  XX,  21  to  XXI,  22  to  XXIU 
and  23  to  XXIII,  setting  the  first  two  above  AC,  because  the  points  S 
are  above  tiic  sun's  places,  and  the  others  below,  because  the  points 
S  are  below  the  Bun''s  places.  Join  XIX,  XX  ;  XX,  XXI ;  XXI, 
XXII ;  and  XXII,  ^iXIII,  for  the  apparent  relative  orbit  of  the  moon. 
Take  30.92',  the  sum  of  the  aemidiameters  of  the  sun  and  mooD,  from  the 
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scale,  and  with  the  centre  s  de9cribe  area  cutting  the  apparent  orbit  in  B 
and  E,  the  moon's  places  at  the  beginning  and  end.  With  the  centres  B 
and  £,  and  a  radius  greater  than  half  the  distance  between  them,  describe 
arcs  cutting  each  other  in  a ;  and  with  the  edge  of  a  ruler,  applied  to  • 
and  o,  draw  the  line  D^GH,  intersecting  the  apparent  orbit  in  G,  the 
moon's  place  at  the  greatest  obscuration.  From  the  point  XXIII,  in  the 
apparent  orbit,  draw  LN,  and  taking  some  short  distance  in  the  dividers, 
lay  it  over  12  times,  from  L  to  M,  and  number  the  divisions  as  in  the 
figure.  Join  M,  XIX  ;  M,  XX  ;  M,  XXI ;  and  M,  XXII,  and  draw 
Be  parallel  to  M,  XX  ;  Gh  parallel  to  M,  XXI ;  and  Ef  parallel  to  ML. 
Draw  eb  parallel  to  I«,  XIX ;  kg  parallel  to  L,  XX ;  and^e  parallel  to  L, 
XXII.  Then,  attending  to  the  rule,  it  is  easy  to  perceive  that  tho  begin- 
ning of  the  eclipse  is  at  19  h.  31  m.  ;  the  greatest  obscuration  at  20  b. 
48  m. ;  and  the  end  at  22  h.  14  m.  Take  15.87',  the  sun*8  semidiameter 
from  the  scale,  and  with  the  centre  s  describe  a  circle  to  represent  the 
sun,  and  with  15.05,  the  moon's  semidiameter,  taken  from  the  scale,  and 
the  centre  G,  describe  another  circle,  to  represent  the  moon.  The  dis- 
tance DH,  applied  to  the  scale,  will  be  found  to  measure  22.9'.  Then, 
15.87'  :  22.9"  : :  6  digits  :  8}  digits,  the  quantity  of  the  eclipse.  The 
interval  between  the  time  of  beginning  and  noon  is  4  h.  29  m.  which  in 
degrees  is  67°  15^  With  the  sector  opened  to  the  radius  N  6  or  N  16, 
Fig.  bit  lay  off  this  arc  on  the  semiciicle  6  Y  18,  from  Y  to  the  right 
hand,  because  the  time  is  in  the  forenoon,  and  find  n,  the  sun's  place  at 
that  time,  in  the  same  manner  as  for  other  times.  Jom  Cn,  and  make 
the  angle  C«V,  Fig.  58,  equal  to  BCn,  and  join  iB.  Th^  measure  of  the 
angle  B^V  is .26°,  which  is  the  angular  distance  of  the  point  at  which  the 
eclipse  commences  from  the  sun's  vertex  to  the  right  hand.  In  Fig,  69^ 
is  a  reduced  representation  of  the  sun's  and  moon's  discs,  with  the  line  tfV 
placed  in  a  vertical  position. 

2.  Required  to  calculate  the  elements,  and  project  an  eclipse  of  the 
sun,  for  the  latitude  and  meridian  of  Philadelphia,  that  will  occur  in 
February,  18ai. 

Elements. 
True  time  of  new  moon,     February,     lid.  23  h.  57  ro.  40  sec. 
Semidiam*  of  circle  of  projection, 

Sun's  longitude, 

Sim's  declination,  souths         .        .         • 
Moon's  latitude,  norths        -        -         -        - 
Moon's  hor.  mot.  from  snn,  in  long. 
Moon*s  hor.  mot.  in  lat.  tending  southf 
Moon's  hor.  mot.  from  sun,  on  rel.  orb. 

Fourth  term,  

Sun's  semidiameter,      .... 

Moon's       do. 

Sum  of  semidiameters. 

Latitude  of  Philadelphia,  reduced 


57' 

24"=  67.4" 

323° 

18 

13 

46 

42 

10  =  42.17 

3t 

4  =31.07 

3 

4  =    3.07 

31 

13  =31.2^ 

30 

0  »  30.00 

16 

14  »  16.2^ 

15 

42  =  15.7 
3l.9a 

39° 
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ResuU  cf  Projection. 

d.      h.     m. 
Beginning,        -        -        -        -         12     11       7  A.  M. 
Greatest  obscuration,  -        -  0     42  P.  M. 

End, 2     n      « 

Digits  eclipsed  llf  on  sun^s  south  limb. 
Eclipse  commences  about  101°  from  the  sun's  vertex  to  the  right  hand. 

Note.  In  the  third  volume  of  the  Transactions  of  the  American  Phi- 
losophical Society,  New  Series^  a  simple  method  is  given  for  obtaining, 
by  construction,  the  times  of  beginning,  d&c.  of  an  eclipse  of  the  sun. 
But  the  improved  methods  now  in  use  for  obtaining  the  same  results  by 
calculation,  render  it  unnecessary  to  introduce  it  here.  The  preceding 
method  of  projection  is  retained,  as  it  serves  to  give  the  student  a  clearer 
•  view  of  the  whole  subject. 

PROBLEM  XXXIII. 

To  find  for  a  given  place  certain  auxiliary  logarithms^  and  a  naiwrai 
number  conoenient  in  calculating  an  eclipse  of  the  sun  for  that  place* 

Let  ^  denote  the  distance  from  the  given  place  to  the  earth's  centre, 
f'  the  geocentric  latitude  of  the  place,  and  §  the  apparent  obliquity  of  the 
ecliptic. 

To  log.  X,  taken  from  Table  LXXII,  with  the  geographic  latitude  as 
the  argument,  add  the  cosine  of  the  geographic  latitude,  and  the  sum* 
will  be  the  logarithm  of  10  ^  cos.  f\  Cull  this  log.  B.  To  log.  B  add 
th^  sine  of  i,  marking  the  sum  negative^]  and  call  it  log.  G.  To  log.  jf, 
taken  from  table  LXXlf,  add  the  sine  of  the  geographic  latitude,  and  the 
sum  will  be  the  logarithm  of  10  ^  sin.  f\  Call  this  log.  F.  To  log.  F 
add  the  sine  of  i,  and  call  the  sum  log.  A.  To  log.  F  add  the  cosine 
of  f ,  and,  taking  the  natural  number  corresponding  to  the  sum,  call  it  f 

Note  1.  If  the  logarithms,  and  the  quantity/,  are  calculated  for  any 
given  place,  with  the  obliquity  23^  27'  30",  they  will  serve  in  all  calcula- 
tions of  eclipses  of  the  sun  for  that  place,  when  great  accuracy  is  not 
desired.  But  when  the  calculation  is  required  to  be  made  with  precision, 
the  apparent  obliquity  at  the  time  of  the  eclipse  must  be  used  in  finding 
them. 

2.  Table  LXXIV.  contains,  for  several  places,  the  logarithms  A,  B, 
and  G,  to  three  decimal  figures,  and  the  quantity/ to  two  decimal  figures. 
These  may  be  used  for  those  places,  in  the  calculation  of  eclipses,  when 
the  placea  of  the  sun  and  moon  have  been  obtained  from  the  tables  in  this 

*  Here,  and  throughout  the  role,  10  it  to  be  rejected  from  the  index  of  the  ram, 
when  it.  is  equal  to,  or  greater  than  10. 

t  Logarithms  are  now  frequently  marked  negative,  by  placing  a  small  n  to  the  right 
of  the  right-hand  figure,  near  the  bottom. 
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work,  and  in  all  cases  when  only  near  approximate  values  of  the  times  of 
beginning,  6cc.  are  required. 

3.  In  wM  latitudes  tbe  logarithms  F  and  A,  and  the  quantity/,  must 
each  be  marked  Mgaihe* 

GxAjf/1.  Required  tbe  logarithms  A,  B,  and  G,  and  the  quantity/,  for 
Philadelphia,  when  the  obliquity  of  the  ecliptic  is  23^  27'  30^. 

From  table  LXXII,    log.  a;,  1.00060  log.  y,  0.99770 

Lat.  39''  67'  cos.      9.88457  sin.       9.80762 


Log.  B.  0.88517  Log.  F.  0.80532 

1—23"  27'  30"  sin.       9.59997  sin.       9.59997 


Log.  G.  0.48514  n         Log.  A.  0.40529 

Log.  F.  0.80632 
COS.  9.96254 


/«  +  6.8595    .  0.76786 

2.  Required  the  logarithms  A,  B,  and  G,  and  the  quantity/,  for  Bos- 
ton, when  the  obliquity  of  the  ecliptic  is  23''  27'  30^'. 

Ans.  Log.  A  B  0.42620,  log.  B  «  0.86930,  log.  G  ■»  0.46927  n,  and 
/=  + 6.1486. 

PROBLEM  XXXfV. 

To  calculate  an  Eclipse  of  the  Sun  for  a  given  place^  using  the  tables  of 
the  sun  and  moon  contained  t|t  this  work, 

1.  Find,  by  Prob.  XXVIII,  the  approximate  time  of  new  moon,  in 
mean  time  at  Greenwich,  and  denote  this  time,  or  the  time  taken  to  tbe 
nearest  whole  hour,*  by  T.  For  the  time  T,  calculate  the  sun's  longi- 
tude, hourly  motion,  and  semidiameter ;  also  the  moon's  longitude,  lati- 
tude, horizontal  parallax,  and  hourly  motions  in  longitude  and  latitude. 

2.  Take  the  difference  t  between  the  sun's  and  moon's  longitudes, 
marking  it  ajfirmatvve  when  the  moon's  longitude  is  greater  than  the  sun's, 
but  negaHoe  when  it  is  less.  Take  also  the  difference  between  the  sun's 
parallax,  9'^  and  tbe  moon's  parallax.  Multiply  the  difference  of  tbe 
longitudes,  in  seconds,  by  10,  and  divide  the  product  by  tbe  difference  of 
the  parallaxes,  also  in  seconds ;  extending  the  quotient  to  two  decimal 
figures,  and  denote  it  by  p.   Do  tbe  same  with  the  moon's  latitude,  marked 

*  When  the  odd  minatee  of  the  approximate  time  are  near  to  30,  it  is  generally  better 
to  take  T  to  ropreaent  the  approximate  time  as  found ;  bat  when  they  are  near  to  0  or 
60,  T  may  be  put  for  the  time  taken  to  the  nearest  whole  hoar. 

t  It  may  sometimes  occur  that  one  of  the  longitudes  is  near  to  0^,  and  the  other 
near  to  360^.  When  this  is  tbe  case,  the  less  longitude,  increased  by  360^,  is  to  be 
considered  the  longitude. 
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affirmative  or  negathe^  according  as  it  is  north  or  aouth^  and  denote  the 
quotient  by  q ;  with  the  difference  of  the  hourly  motions  in  longitude,  de^ 
noting  the  quotient  by  p' ;  with  the  moon's  hourly  motion  in  latitude, 
denoting  the  quotient  by  q[  ;  and  with  the  sun's  semidiameter,  denoting 
the  quotient  by  R. 

3.  To  the  sun's  tabular  mean  longitude  at  the  time  T,  increased  by  2.^, 
apply  according  to  its  sign  the  nutation  in  right  ascension,  taken  from 
table  XVI,  with  the  argument  N,  and  the  result  will  be  the  sun's  mean 
longitude  from  the  true  equinox.  To  this  longitude  add  the  mean  time  at 
the  given  place,  expressed  in  degrees,  corresponding  to  the  Greenwich 
time  T,  and  the  sum  will  be  the  right  ascension  of  the  zenith  of  the  given 
place  at  that  time.  Call  this  right  ascension  Z.  From  Z,  increased  by 
360°,  if  necessary,  subtract  the  sun's  longitude,  and  call  the  remainder  D. 

4.  Gall  the  sun's  longitude  L'.  To  log.  A,  found  by  the  last  problem, 
or  taken  from  table  LXXIV,  add  cos.  L^  and  taking  the  natural  number 
corresponding  to  the  sum,  call  it  a.  To  log.  A  add  sin.  U,  and  taking 
the  natural  number  corresponding  to  the  sum,  call  it  a".  To  the  constant 
logarithm  9.317,  add  cos.  L',  rejecting  10  from  the  index  of  the  sura,  and 
call  the  result  log.  C. 

6.  The  quantities  p',  g',  R,  a,  a",  and  log.  C,  may  be  considered  con- 
stant during  the  eclipse.  But  the  values  of  p,  g,  Z,  and  L',  and  conse- 
quently D,  are  only  true  for  the  time  T.  To  find  them  for  any  other 
time  diOTeriRg  from  the  time  T,  by  an  interval  U  proceed  thus: — Aa 
1  hour  I  t  x'.p'  X  the  change  of  p,  in  the  time  <,  affirmative.  As  1  hour  : 
t  w  ^  \  the  change  of  q  in  time  f,  with  the  same  sign  as  ^.  As  1  hour  : 
t  ::  15°  2.6'  :  change  of  Z,  in  time  f,  affirmative.  And  as  1  hour  :  t :: 
2.5'  :  change  of  L',  in  time  t,  affirmative.  Or  the  change  of  Z  may  be 
found  by  adding  together  the  arcs  in  tablo  LXXI*,  corresponding  to  tlie 
hours,  minutes,  and  seconds  of  the  time  t.  And  the  change  of  U  may 
be  found  by  adding  together  the  sun's  motion  in  longitude,  taken  from 
tabled  XI  and  XII,  for  the  hours,  minutes,  and  secionds  of  the  time  t* 
The  changes  of  the  values,  applied  respectively  to  p,  q,  Z,  and  L',  by  add- 
ing when  the  given  time  is  later  than  T,  but  by  subtracting  when  it  is 
earlier^  will  give  their  required  values. 

6.  Find  log.  B,  log.  G,  and  the  quantity/,  by  the  kst  problem,  or  take 
them  from  table  LXXIV.  Using  the  values  of  D,  Z,  p,  and  9,  at  the 
time  T,  to  log.  B  add  sin.  D,  and  taking  the  natural  number  correspond- 
ing to  the  sum,  call  it  b.  Do  the  same  with  log.  B  and  cos.  D,  calling 
the  resulting  natural  number  b' ;  with  log.  G  and  sin.  Z,  calling  the  result 
g;  and  with  log.  G  and  cos.  Z,  calling  tho  result  g\  To  the  logarithm 
of  ^  add  log.  C,  and  call  the  natural  number  corresponding  to  the  sum,  c* 
Do  the  same  with  the  logarithm  of  g'  and  log.  C,  calling  the  result  cf. 
Attending  to  their  signs,  t<ike  the  sum  of  a,  5,  and  c,  and  call  it  u;  the 
sum  of/  and  g^  and  call  it  v;  and  the  sum  of  b'  and  i/,  and  call  it  b'\ 
With  b"  as  the  argument,  take  the  value  of  a'  from  table  LXXIII ;  and, 
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wkfa  ^  M  the  argamentf  take  the  vsilue  of  v'  from  the  same  table.  At* 
tending  to  the  signs,  subtract  u  from  p,  calling  the  remainder  x ;  v  from 
9,  calling  the  remainder  y ;  u'  from  p',  calling  the  remainder  x' ;  and  1/ 
from  9',  calling  the  remainder  y'> 

7.  Using  table  LXXIX»  add  together  the  squares  of  x'  and  y\  and  call 
the  square  root  of  the  sum  n.  Attending  to  the  signs,  add  together  the 
products  of  X  by  sf^  and  y  by  ^.  Multiply  the  sum  by  60,  and  dividing 
the  product  by  the  square  of  it,  the  quotient  will  be  an  interval  t,  in 
minutes  of  time  ;  which,  subtracted  from  T,  attention  being  given  to  its 
sign,  will  give  the  approximate  lime  of  greatest  obscuration^  in  mean  time 
at  Greenwich. 

8.  Call  the,  approximate  time  of  greatest  obscuration  T',  and  for  this 
time,  find,  by  art.  5,  the  values  of  p,  q^  Z,  and  D ;  and  by  art.  6,  the 
values  of  X,  y,  x\  and  y'i  Then,  proceeding  as  in  the  last  article,  find  an 
interval  /,  in  minutes  and  tenths  of  a  minute.  Attending  to  the  sign,  sub- 
tract t  from  T',  and  the  remainder  will  be  the  true  time*  of  greaiest 
obscuration^ 

9.  Divide  the  sum  of  the  products  x  by  a/,  and  y  by  y\  by  n,  and  eall 
the  quotient  vf.  From  the  sum  of  the  squares  of  x  and  y,  subtract  the 
square  of  n\  and  taking  the  square  root  of  the  remainder,  call  it  m.  Then 
will  m  be  the  nearest  distance  of  the  centres  of  the  sun  and  moon^  ex- 
pressed in  the  same  ports  as  the  quantities  R,  p,  6ec.,  that  is  in  such  parts 
as  the  difference  of  the  parallaxes,  in  seconds,  contains  10.  To  a'*  add 
the  value  of  6'  at  the  time  T',  and  call  the  sum  £.  With  the  argument  E 
at  the  top  and  the  sun's  semidiaroeter  at  the  side,  take  the  correction  of  R 
from  table  LXXVI,  and  subtracting  it  from  R,  call  the  remainder  R'. 
To  R'  add  2.73  and  call  the  sum  k.  Subtract  m  from  k,  multiply  the 
remainder  by  6,  and  divide  the  product  by  R'.  The  quotient  will  be  the 
digits  eclipsed ;  on  the  north  or  south  limb,  according  as  the  value  of  y 
is  afirmatite  or  negatioe*  When  m  is  equal  to  or  greater  than  k^  the 
eclipse  will  cot  be  visible  at  the  given  place. 

From  the  square  of  ft,  subtract  the  square  of  m,  and  call  the  square 
root  of  the  remainder  A.  Then,  taking  the  value  of  n  at  the  time  T^,  as 
fi  :  A  : :  1  hour  :  an  interval  of  time,  which  subtracted  from  the  true 
time  of  greatest  obscuration,  and  added  to  it,  will  give  the  approximate 
times  of  the  beginning  and  end  of  the  eclipse, 

10.  Taking  now  T'  equal  to  the  approximate  time  of  beginning,  find 
for  this  time,  the  values  of  a;,  y,  xf  and  y* ;  also  by  the  last  article  find  R^ 


*  The  exprcMioD,  true  ftme,  is  to  be  taken  here  and  in  the  rabteqaent  part  of  the 
rale,  in  a  relative  eense ;  as  only  implying  that  the  time  found  has  an  aoearacy  corre- 
sponding with  that  of  the  tables,  from  which  the  places  of  the  sun  and  moon  have  been 
obtained,  and  of  the  number  of  decimals  used  in  the  calculation.  With  reference  to  a 
more  exact  determination,  with  more  accurate  data,  they  are  near  approximate  timet. 
They  may  frequently  be  in  error  to  the  amount  of  two  or  three  tenths  of  a  minute; 
and  sometimes,  perhaps,  though  seldom,  to  the  amount  of  half  a  minute. 
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and  thence  tbe  value  of  k*  Subtract  the  square  of  m,  which  is  constant, 
from  the  square  of  Jb,  and  call  tbe  square  root  of  the  remainder  k*  Add 
together  the  squares  of  x  and  y,  and  from  the  sum  subtract  the  square  of 
m,  and  call  the  square  root  of  the  remainder  hf*  With  the  values  of  af 
and  jf't  find  n,  as  in  art.  7.  Then,  as  n  :  diffl  of  A  and  h'  : :  60  minutes 
:  a  correction  in  minutes  and  tenths  of  a  minute,  which  being  added  to 
T',  or  subtracted  from  it,  according  as  k'  is  greater  or  less  than  A,  gives 
the  true  time  of  beginning* 

11.  The  true  time  of  end  is  found  in  exactly  the  same  manner,  except 
that  the  correction  is  to  be  subtracted  from  T',  tbe  approximate  time  of 
end,  when  h'  is  greater  than  A,  but  added  to  it,  when  hf  is  less  than  A. 

12.  From  the  values  of  ti,  o,  c,  and  5f,  at  the  approximate  time  of  begin- 
ning, find  by  means  of  their  hourly  changes  «',  i/,  z\  and  y',  at  tbe  same 
time,  their  values  at  the  true  time  of  beginning.  Taking  these  values,  to 
the  logarithm  of  x,  add  the  arithmetical  complement  of  the  logarithm  of  jr, 
and  the  sum  will  be  the  tangent  of  an  arc  P.  The  arc  P  must  be  taken 
less  or  greater  than  90^,  according  as  y  is  affirmative  or  nega^ve^  and  it 
must  be  marked  with  the  same  sign  as  x.  Proceed  in  the  same  manner 
with  u  and  e,  to  find  an  arc  Q,  taking  it  less  or  greater  than  90^,  accord- 
ing as  V  is  affirmative  or  negatiref  and  marking  it  with  the  same  sign 
as  u.  Attending  to  the  signs  subtract  P  from  Q,  and  call  the  remainder 
V.  Then  will  V  express  the  distance  on  the  circumference  of  the  sun's 
disc,  from  the  vertex  to  the  point  at  which  the  eclipse  commences  ;  reck- 
oned from  the  vertex  to  the  west^  when  V  is  ajirmnftee,  but  to  the  east, 
when  V  is  negative.  In  a  similar  manner  the  point  at  which  tbe  eclipse 
ends,  may  be  found. 

Note  1 .  In  an  annular  or  a  total  eclipse,  the  time  at  which  it  begins 
or  ceases  to  be  annular  or  total,  may  be  found  in  the  same  manner  as  tbe 
time  of  beginning  or  end  of  the  eclipse,  except  that  k  must  be  taken  equal 
to  the  difiference  of  R'  and  2.78,  instead  of  their  sum. 

2.  The  above  rule  is  formed  from  the  formula,  investigated  in  the  ap- 
pendix to  Part  I.,  for  calculating  an  eclipse  of  tiie  sun,  using  longitudes 
and  latitudes  of  the  sun  and  moon.  The  dififoreqt  terms  of  the  formula 
wero  multiplied  by  10,  in  order  to  lessen  the  number  of  entirely  decimal 
numbers. 

ExAif.  It  is  required  to  calculate,  for  Philadelphia,  the  eclipse  of  tbe 
sun  of  May  15th,  1836. 

Approx.  time  of  new  moon,   15  2  8,  Greenwich  mean  time. 

At  time  T  =  15d.  2h.  Om. 

Sun's  longitude, BA^  12'    8" 

**^    hourly  motion,            ....  J    i6 

**'   semidiameter, 1550 

<^     tabular  mean  long.  +  2?     -        -        -  53     19    39 

Argument  N  ■»  862 
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Moof^'s  longitude, 64    38  55 

"        ^^rkude 0    25  f7N. 

"  hourly  mot.  in  longitude,      -        -        .  29  57 

•'  **        *•        latitude,     -        -        -  -f       2  45 

"'  equatorial  bor.  parallax^      ...  54  24 

Moon'^s  longitude,     .        -        .        .     54©  38'    55" 
Sun's         *«  -         -         -         64     42       8 


Diff.  of  longitude,     -        •        -        -    —      3     13  = 193" 

Moon's  hourly  uiot.  in  teiTg.        .        •        -29'    67" 
Son's        »«        u  ♦<         .        .        ,  2     25 


Diff.  of  hourly  mot.  in  long.        -        -        -     27     32  »  1652" 

Moon's  equatorial  paraUax,         -        -        -    64'   24" 
Sun's  *«•*,..  9 


Diff.  of  parallaxes, 64     15  «  3256" 

10  X  —  1 93  lOx  +  1627        ,   ^  ^^ 

^ 3255 ^'^^5    g 3255— -  +  ^-^^ 

,       10  X  1662       ,   ^  ^^        ,       10  X  +  166 

_       10  X  960      „  „^ 
^ 3266 '•^«- 

Sun's  tab.  mean  long.  +  2®,           .        •        -      63°   19'   39" 
Nut.  in  right  ascen.  tab.  XVI,  -        -  ]3 

Son's  mean  long,  from  true  equbox,       -        -      63     1 9     26 
Mean  time  at  Phiia.  io  degrees,  -        •        314     60      0 

Z« 8       9     26 

Sun's  longitude,         -        .,        .         .         .  64     42       8 


D« 313     27     18 

From  tab.  LXXIY,  Log.  A.  0.405  Log,  A,  0.406 

L'»i64°42'  cos.  9.762*  sin.  9.912 


a  •>  +  1.47  0.167      a"  a  +  2.07        0.317 

Constant  log.  9.317 
L'  .         .     cos.  9.76€ 


Log.  C.  9.079  From  table  LXXIV.,/=  +  5.86. 

*  The  sines,  cosines,  &c.,  may  be  taken  from  tab.  LXXVII,  and  the  natural  namben 
corresponding  to  the  sams,  from  tab.  LXXVIII. 

42 
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Log.  B.  0.885  Log.  B.  QMS 

D  =  313°  27'  sin.  9.861  n  cos.  9.837 


6ss  — 6.67  0.746  n  ft' =+ 6.27         0.722 

Log.  G.  0.485  ft  Log.  G.  0.485  n 

Z  =  8°9.5'  sin.  9.161  cos.  9.996 


g^  —  0A3  9.636  n    g'  =  — 3.03  0.481  n 

Log.  C.  9.079  Log.  G.  9.079 

c»  — 0.06  8.716n    c's  — 0.36  9.660n 

ft"  =  +  4.91 

tt  =  — 4.15  ;  tt'=  +  1.28 

r=  +  6.43  ;  ©'  =  —0.80 

ar  =»  +  3.66  ;  a^  ^  +  3.80 

y^  —  O.U  ;  3^=1  +  1.31 

x'  sq  14.44     arx'  «  +  13.63  +  12.56  X  60 

y' 

n  a  4.02  sq  16.16        sum  +  12.56 

b.     m. 
T  =  2      0 

<  =  +  47 


sq     1*72    ^^=-0:97        / i^.l6 «  +  *7"- 


1     13  ss  approx.  time  of  greatest  obscur* 

h.     m. 
Atr«=:l     13 

p  =  —  4.67  Z  =  366°  23 

5  =  +  4.29  L'  =s   54     40 

Log.  B.  0.885  Log.  B.  0.885 

D  =  301°43'  sin.  9.930  II  cos.  9.721 


5  =:_e.63  0.815»        ft'  —  +  4.04  0.606 

Log.  G.  0.485  n  Log.  G.  0.486  n 

Z       -        -        -     sin.  8.803  n  cos.  9.999 


^«  +  0.19  9.288      ^=  —  3.06  0.484  n 

Log.  C.  9.079  *  Log.  C.  9.079 

c«  +  0.02  8.367       c'«  — 0.37  9.563  n 

.    ft"  t=z  +  3.67 

Digitized  by  VjOOQIC 


ASTRONOMY.  331 

ti  =  —  6.04     ;  tt'  =  +  0.96 

u  BB  +  6.05     ;  ©'  «a»  —  0.80 

a;=  +  0.47     ;  «=  +  4.12 

y«— 1.76     ;  y'=+  1.3J 

a'  *^  16.97     xx'^+  1.93  —0.38  X  60 

3^  tf?     1.72     yy^  —  g.ai  '  = TbTeg =— 1.2ni. 


.        — 0.38 

n  =  4.32  sq  18.69  -~  0.38           i^  «  — t^tt-  =  —0.09. 

^  4.32 

h.    m.  E=a"  +  y«6.11 

Tsal     13  Cor.  of  Jl  =  0.03 

<    e—     1.2  R'»2.89 

k  =  5.62 

1     14.  2b:  true  time  of  greatest  obscur. 

X               *5  0.22  (5.62— 1.82)  X  6       „^        ..  .^        ,.       , 

y  sq  3.10  289      ~  ^  ^'^  "^^f^^^^^'l^^  ^° 

*                ^ ^-^^            sun's  south  hinb. 

3.32 
n'  tq  0.01 


mas  1.82^  3.31 


k  sq  31.58 

m  sq     3.31 


A  a  5.82  sq  28.27 

ID.     h.     m. 
4.32  :  5,32  ::  60  :   1     13.9 

b.     m.       h.     m.       h.     m. 

]     14.2  —  1     18.9  =  0      0,  approx.  time  of  beginning, 

1     14.2  +  1     13.9 » 2     28,        «        "         end. 

b.    m. 
At  T' «  0    0 

|,  =  _  10.75     ;     Z«338°     4' 
q^+    3.67     ;     L'=    54     37 

Log.  B.  0.885  Log.  B.  0.885 

D »  283''  27'         sin.  9.988  n  cos.  9.366 

5  «  — .  7.46  0.873  n        ft'  =  +  1.78  0.251 
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Log.  G  0.486  n  Log.  G  0.485  n 

Z        -        -        sin.  9,572  II  cos.  9.967 


g^+].U  0,057        ^—  —  8,83  0.452« 

Log.  C.  9.079  Log.  C.  9.079 


CBi  +  0.14  9.136  c'c3*— 0.34  9.531  n 

ft"a  +  1.44 

«  B  —  5.85  ;  ti'  B  +  0.38  E  »  3.85 
e  S8  +  7.00  ;  d'  «  —  6.74  R' «  2.90 
» ..  _  4.90     ;     x'  ss  H-  4.70  k^  5.63 

y«_3.33     ;     j^  «  H-  1.26 

k  19  31.70  X  tq2i.0\  ^  #9  22.09 

m  19    3.31  y  19  11.09  y*  sq    1.66 


A  «  5. 33  #9  28.39  stim  35. 1 0  n  «b  4.86     23.66 

A'a5.64  m  sq    3.31     . 


Diff.«0.31  A'— 6.64  sq  31.79 

m.  m. 

4.86     :     0.31     :  :     60     :     3.8 

h.  m.       tn.         h.     m. 

0    0  H-  '^B  =  0     3.8,  true  time  of  beginning. 


b. 

m. 

At  r  =  2 

28 

rp 

=   +    1.78     ;     Z 

= 

'•    16°   W 

? 

=    H-   4.93     ;     L' 

= 

-  54     43 

Log.  B.  0.885 

Log.  B.  0.886 

D  «  320°  28' 

sin.  9.804  n 

COS,  9.887 

As  — 4.89 

0.689  n 

A'  =  +  6.92        0.772 

Log.  G.  0.466  n 

Log.  G.  0.486  It 

Z 

-      sin.  9.413 
9.898  n 

COS.  9.986 

^«  — 0.79 

^'«_2.96        0.470  II 

Log.  G.  9.079 

Log.  C.  9.079 

cw— 0.09 

8.977  n 

c'i»  — 0.35         9.64911 

b" «  +  6.67 
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uwm^3^l  U'^  +  }A6  E<«7*99 

9  «8  +  5.07         v'  B*  ~0.77  R' «9  2^8 

XM»  +  6M         a?"  a +  3.62  it »  6.61 

i  40  31.47  ;r  «{$7.98  o^  «)  13.10 

»  #9    3.31  p  ^q    0.02  y  9q    1.64 

A  B  5.31      28.16  sum  28.00  n  «i  3.84  .   14.74 

A'«>4.97  m  sq    3.31 

Diff.»0.34  A'»4.97      24.69 

in.  ID. 

3.84     :     0.34     :  :     60     :     5.3 

h.  m.       ID.       b*  iQ. 

2  28  +  5.3  ««  2  33*3,  triM  tiflM  of  eod. 

h.  m. 
At  true  time  of  beginning,  0  3.8 

«  •»  -^  6.83  a;  »  _  4.6p 

9  M  +  6.95  y  "^  *-  3.25 

z  log.  0.G63n  u  log.  0.766  n 

y  Ar.  Co,  ''     9.488  n  d         Ar.  Go.  •<     9.158 


P«  —.126^  13'  tap.  0.151  Qsr  —40^  0'  tan.  9.924  n 

Q»-.    40<>    0' 

P  —  —  125    13 


V  »  +    85    13 

Hence,  expressing  the  times  in  mean  time  at  Pbiladelphiay  we  have, 

h.    m. 
Beginning  of  the  eclipse  at  7    3.1  A.  M. 
Greatest  obscuration        **  8  13.5 
End  •*  9  32.6 

Digits  eclipsed  7.9  on  south  limb. 
•  Eclipse  begins  85°  13'  from  sun's  vertex,  to  the  right. 

PROBLEM  XXXV. 

To  caUulaU  various  eircunutances  of  an  EcUpse  of  the  SuOffor  Hie 
earth  in  general* 

This  problem  will  be  rendered  more  explicit  to  the  student  by  separat- 
ing it  into  parte,  and  illustrating  each  part  by  an  example^    We  shall  take 
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for  this  purpose  the  eclipse,  calculated  in  the  last  problem,  and  use  such 
of  the  quantities  found  there  as  may  be  requisite. 

1.  To  find  the  times  of  beginning  and  end  of  the  General  and  Central 
Eclipses. 

Add  together  the  squares  of  p'  and  9^,  and  taking  the  square  root  of 
the  sum,  call  it  n*  Taking  for  p  and  q  the  values  which  they  have  at  the 
time  T,  add  together  the  products  of  phy  p\  and  q  by  ^.  Multiply  the 
sum  by  60,  and  divide  the  product  by  the  square  of  n.  The  quotient  will 
bo  an  interval  in  minutes  of  time,  which,  being  subtracted  from  T,  will 
give  the  time  of  the  middle  of  the  general  eclipse.     Call  this  time  T'. 

Find,  by  art.  6,  of  last  problem,  the  values  of  p  and  q,  at  the  time  T', 
and  call  these  values  a  and  6,  respectively.  Add  together  the  squares  of 
a  and  5,  and  call  the  square  root  of  the  sum  m\  marking  it  with  the  same 
sign  as  5.  Taking  k^  equal  to  (R  +  2.73),  from  the  square  of  (10  + it), 
subtract  the  square  of  m',  and  call  the  square  root  of  the  remainder  h. 
Then,  as  n  :  A  : :  1  hour  :  an  interval  of  time ;  which,  being  subtracted 
from  T',  and  added  to  it,  will  give  the  times  of  beginning  and  end  of  the 
general  eelipse.  When  the  square  of  m'  exceeds  the  square  of  (10  -f  Ar), 
there  will  not  be  an  eclipse  any  where  on  the  earth. 

Subtract  the  Bqua:re  of  m'  from  100,  and  caU  the  square  root  of  the 
remainder  A'.  Then,  as  n  :  A'  : :  1  hour  :  an  interval  of  time,  which, 
being  i^ibtracted  from  the  time  T',  will  give  the  times  at  which  the  eclipse 
commences  and  ceases  to  be  central  somewhere  on  the  earth.  When 
the  square  of  m'  exceeds  100,  the  eclipse  cannot  be  central. 

The  quantities  a,  5,  and  m',  are  necessarily  constant,  and  the  quantity 
n  may  be  considered  constant  during  the  eclipse.  These  quantities  will 
be  used  in  other  parts  of  the  problem. 

We  have  from  the  calculation  of  the  last  problem, 

d.     b.   m. 
Tr=]6     2    0 


pi  — 0.69 
9  S8  +  4.69 

pf                sqib.Bl 

m. 
0 
-1. 

p'  =  +  6.08                   k  =  5.66 
5^  =  +  0.61 

|3p'«  — 3.00               —0.61X60 

q'               sq    0.26 

^^  =»  H-  2.39           "^       26.07     "" 

n  Mm  6.11  sq  26.01 

h. 
T«2 

—  0.61 
4 

T  'a  2      1.4,  time  of  middle  of  general  eclipse. 

The  values  of  p  and  9,  found  for  the  time  T,  give, 

a  »  —  0.47  »  «  +  4.70 
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«g    0.22  (10  +  i^r)  :e  15,66        .  ^  243.67 

#9  22.09  m'  9q    ^2.31 


m'B  +  4.72  sq  22.31  h  »  14.88  tg  221.36 

b.     h.     m. 
5.11   :   14.88  :  ;   1   :  2     64.7     / 

b*       OD. 
14     23    6.7,  time  of  beg.  of  general  eclipse. 
4  56.1,  time  of  end  of  general  edipee. 

b.     b.    m. 
5.11   :  8.81   ::   1   :   1     43.4 


d. 

h. 

m.     b.     m.         d. 

16 

2 

0  —  2     64.7  «  14 

16 

2 

0  +  2     54.7  «  16 
100.00 

m' 
h' 

sq    22.31 

«8.81  #g    77.69 

b. 

m.       h.     m.        b. 

2 

1.4  _1     43.4  «:0 

2 

1.4  +  1     43.4  «8  2 

m. 

18.0,  beginning  of  central  eclipse. 
44.8,  end  of  central  eclipse. 

2.  To  determine  certain  arcs  and  logarithmSf  loanted  in  subsequeai 
parts  of  the  problem. 

From  the  sun^s  longitude  at  tbe  time  T\  increased  by  360°,  if  neces- 
sary, subtract  90°,  and  call  tbe  remainder  L".  Tben  will  L"  or  L"± 
1 80°,  be  the  longitude  of  the  zenith,  for  all  those  places  that  have  tbe  sun 
in  the  horizon  at  that  time.  To  the  constant  logarithm  0.03746,  add  the 
tangent  of  U\  and  the  sum  will  be  the  tangent  of  an  arc  A,  which  must 
be  taken  in  the  same  quadrant  as  L".  To  the  constant  logarithm 
9.63743,  add  the  sine  of  L'^  and  the  sum,  rejecting  10  from  tbe  index, 
will  be  the  tangent  of  an  arc  B,  less  than  90°,  which  must  be  marked 
affirmative  or  negative,  according  as  the  tangent  is  affirmative  or  negative. 
From  the  tangent  of  B,  with  tbe  index  increased  by  10,  subtract  tbe  tan« 
gent  of  A,  and  call  the  remainder  log.  c.  From  the  constant  logarithm 
19.96544,  subtract  the  cosine  of  B,  and  call  the  remainder  log.  d.  Ac- 
cording as  A  is  less  or  greater  than  180°,  add  to  it,  or  subtract  from  it, 
180°,  and  call  tbe  result  A'.  Call  the  arc  B,  taken  with  a  contrary  sign 
B^ ;  and  log.  c,  with  a  contrary  sign  log.  c\  The  arcs  A'  and  B',  tbe 
log.  c\  and  the  log.  d,  which  does  not  change  its  sign,  correspond  to  tbe 
longitude  V  ±  180°,  of  tbe  zenith  of  a  place  in  the  horizon.  AH  these, 
quantities  may,  without  material  error,  be  regarded  as  constant  during  the 
eclipse.  If,  however,  greater  accuracy  is  required,  the  values  of  A,  By 
and  log.  c,  may  be  again  computed,  for  a  time  an  hour  later  or  earlier 
than  T'.  Their  small  hourly  changes  of  value  will  thus  become  known ; 
and  thence  their  values,  and  consequently  those  of  A',  B',  and  log.  c', 
may,  for  any  time  during  tbe  eclipse,  be  immediately  obtained.  Tbe  log. 
d  may,  in  all  cases,  be  considered  constant  during  the  eclipse. 


Digitized  by  VjOOQ IC 


336  ASTROKOMT. 

To  the  logarithm  of  ^  add  the  anthoietical  complenent  of  the  Foga- 
rith  of  |/,  and  the  sum  will  be  the  tangent  of  an  arc  N,  less  than  90^, 
which  most  be  marked  affirmative  or  negative,  according  as  the  tangent  is 
affirmative  or  negative.  The  arc  N  may  be  considered  constant  doring 
the  eclipse. 

Add  together  the  constant  logarithm  1.77815,  the  logarithm  of  ft,  and 
the  arithmetical  complement  of  the  logarithm  of  p',  rejecting  10  from  the 
index,  when  it  amounts  to  10,  and  call  the  result,  marked  negative  when 
b  is  negative,  log.  G.  This  logarithm  may  be  coBsiderDd  constant  during 
the  eclipse. 

Let  Z  be  the  right  ascension  of  the  zenith  of  Greenwich.  To  the 
sun's  mean  longitude  from  the  true  equinox,  at  the  time**  T',  add  the  time 
T\  expressed  in  degrees,  and  the  sum  will  be  the  value  of  Z,  at  that  time. 
To  find  the  value  of  Z  at  any  other  time  differing  from  T,  by  an  interval 
tf  take  from  table  LXXI*  the  arcs  corresponding  Vo  the  hours,  minutes, 
and  seconds,  in  the  interval  <,  and  add  their  sum  to  the  value  of  Z  at  (he 
time  T',  or  subtract  it  from  this  value,  according  as  the  time  is  later  or 
earlier  than  the  time  T,  and  the  result  will  be  the  required  value  of  Z. 

h.    m. 
At  the  time  T' «8  2    1.4 

Sun's  longitude, 64°  42' 

Subtract,  90      0 

L" 324     42 

0.03746  9.$3745 

V      •        -    tan.  9.86006  a  U        -        -    sin.  9.76182  it 


A  «•  322""  21'  tan.  9.88762  n  B  »  ~  U""  6'  tan.  9.39925  n 

A    -        -        tan.  9.88762  ft 


19.96644 


B  -        cos.     9.98676  log.  e  9.61 173 


log.  d    9.97869 

A'  =-  142°  21'  ;  F  «  +  14°  5'  ;  log.  c  =  9.61 173  « 

5'  ■•  +  0;61                 log.  9.70767  1.77816 

ff^  +  6.08  Ar.  Co.    •'     9.29414  6  «>  +  4.70                log.  0.67210 

1^     -        -    Ar.  Co    ««     9.S9414 

N'«6°44'  tan.  9.00171  


log.  G.  1.74459 


*  When  the  time  T  differs  but  a  few  minates  from  the  time  T,  the  8un*s  mean  Ion- 
gitnde  from  the  true  equinox  at  the 'latter  time,  aa  found  in  the  last  problem,  maj  be 
used. 
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Sun's  mean  longitude  from  true  equinox  at  time  T'  b  53^  19' 
Time  T'  in  degrees,     - 30     21 


Z,  at  time  T' 83    40 

3.  The  latitude  of  the  zenith  of  a  place  which  has  a  given  phenomenon  of 
the  eclipse  in  its  horizon^  being  given,  for  a  given  time^  at  which  the  phe- 
nomenon occurs,  to  find  the  latitude  and  longitude  of  the  place. 

Lot  a''  represent  the  latitude  of  the  zenith  of  (he  place.  When  the  given 
time  is  before  the  time  T',  to  the  value  of  >!\  add  the  arc  B,  and  to  the 
tangent  of  the  sum*  add  log.  c.  The  result  will  be  the  tangent  of  an  arc 
F»  which  when  (a"  +  B)  is  less  than  90°,  must  be  taken  less  than  90^, 
and  be  marked  with  the  same  sign  as  the  tangent ;  but  when  (x'^  +  B)  is 
greater  than  90°,  the  arc  F  must  be  taken  greater  than  90°,  and  must  be 
marked  with  a  contrary  sign  to  that  of  the  tangent.  Attending  to  the 
signs,  subtract  F  from  A,  and  the  remainder  will  be  the  right  ascension 
of  the  zenith  of  the  place,  at  the  given  time.  Call  this  right  ascension  %• 
Add  together  the  tangent  of  (x"  +  B),  the  cosine  of  F,  and  log.  d,  and  the 
sum,  rejecting  20  from  the  index,  will  be  the  tangent  of  the  geographic 
latitude  of  the  place,  which  must  be  taken  less  than  90,  and  will 
be  north  or  south  according  as  the  tangent  is  affirmative  or  negative. 
From  the  value  of  Z,  found  for  the  given  time,  and  increased  by  360°,  if 
necessary,  subtract  x,  and  the  remainder  will  be  the  longitude  of  the  place, 
to  the  west  of  Greenwich.  When  the  remainder  exceeds  180°,  its  supple- 
ment to  360°,  will  be  the  longitude  to  the  east. 
^  When  the  given  time  is  after  the  time  T^  the  proceeding  is  the  same, 
except  that  A',  B',  and  log.  c\  aire  to  be  used  instead  of  A,  B,  and  log.  c.  > 
It  sometimes  occurs,  especially  near  the  time  T^,  that  the  value  of  x'^, 
when  found  as  directed  in  subsequent  parts  of  the  problem,  comes  out 
greater  than  90°.  When  this  is  the  case,  the  numerical  supplement!  is 
to  be  regarded  as  the  proper  value  of  x'%  and  then  in  6nding  the  latitude 
and  longitude  of  the  place,  the  quantities  A,  B,  d^c,  are  to  be  used  in  a 
contrary  manner  ;  that  is,  A',  B^  and  log.  c\  are  to  be  used  if  the  time  is 
before  T',  but  A,  B,  and  log.  c,  if  it  is  after  T'. 

Note.  The  determination  of  the  right  ascension  and  declination  of  the 
zenith  from  its  longitude  and  latitude,  as  directed  above,  is  according  to  the 

*  If  tlie  sum  is  negative^  the  tangent  must  have  a  contrary  sign  to  that  which  it 
woald  have  if  the  sum  was  affirmative.  It  may  be  observed  that  the  sign  of  the  sine  or 
tangent  of  a  negative  arc  is  always  contrary  to  that  of  the  same  arc,  when  affirmative, 
bat  the  sign  of  the  cosine  of  an  arc  is  the  same,  whether  the  arc  is  affirmative  or 
negative. 

t  Bf  the  numerical  Bupplement  of  an  arc  is  meant  (he  result  that  is  obtained  by  sub- 
tracting the  arc,  taken  without  regard  to  its  sign,  from  180^,  and  attaching  to  the 
remainder  the  sign  of  the  arc. 

43 
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method  given  for  this  purpose  by  Professor  Encke  io  the  Jakrlmeh  for 
1831.  Putting  f  ss  the  obliquity  of  the  eclipticy  and  e  =»  the  earth's  eccen- 
tricity, the  constant  logarithms  used  in  finding  A,  B,  &c.,  in  the  preced- 
ing article,  were  the  arithmetical  complement  of  cosine  of  i,  the  tangent 

1  • 

of  I,  and  (cos  i  +  log.  ' ^  +  10)  ;  the  value  of  i  being  assumed  23^ 

27.5'.     By  the  introduction  of  log. -^,  in  the  constant  logarithm  used 

in  obtaining  log.  d,  we  obtain  at  once  the  geographic  instead  of  the  geo- 
centric latitude. 

Examples  illustrating  this  article  will  occur  in  the  next. 

4.  To  find  the  placet  at  which  the  general  eclipse  begins  and  endty  and 
also  those  at  which  it  begins  and  ceases  to  be  central. 

Let  t  be  the  interval  expressed  in  minutes,  between  the  time  T,  and  the 
time  of  beginning  or  end  of  the  eclipse.  To  log.  6.  add  the  arithmetical 
complement  of  the  logarithm  of  t,  and  the  sum  will  be  the  tangent  of  an 
arc  6,  less  than  90^,  which  must  be  marked  affirmative  or  negative, 
according  as  the  tangent  is  affirmative  or  negative.  From  G,  subtract 
the  arc  N,  and  the  remainder  will  be  the  value  of  x"  at  the  time  of  begin- 
ning. And  adding  N  to  6,  the  sum  will  be  the  value  of  x"  at  the  time  of 
end.  With  these  values  of  x'"  find  the  latitudes  and  longitudes  of  the 
places,  as  directed  in  the  last  article. 

h.    m. 
By  art.  1,    «  =  2  54.7  =  174.7  minutes. 

log.  G.  1.74439 
t      '        -        .        Ar.  Co.  log.  7.75771 


G  «  4-  17°  38'  tan.  9.50210 

N  =  +    6    44 


x"  a  +  1 1     ^4,  at  beginning. 


X"  =  +  23    22,  at  end. 

At  beginning. 

x"+B  =  — 2°  Jl'     tan.  8.58121  n        x"  +  B  tan.  8.68121  » 

log.  c  9.51173  log.d  9.97869 


F  COS.  9.99996 


F  — — .     0«  44'        tan-  8.09294  n  

A=      322    21  Lat.  2^  5' S.  tan.  8.56986  n 


323 
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At  end. 

X"  +  B'  «  37°  27'         tan.  9.88420  a"  +  B' 

log.  c  9.5117311 


F«-.13°  58'    tan.  9.59593n 
A' OS     142     21 


tan.  9.88420 

log.  d  9.97869 

COS.  9.98697 


Lat.  35°  17'  N-  tan.  9.84986 


156     19 


Z 

% 


Z,  at  time  T 83°  40' 

Change  of  Z»  during  interval  <,  tab.  LXXI"*     43    48 

Z,  at  time  of  beginning, 

Z,  at  time  of  end,    - 

-      39°  52' 
323      6 


39  52 

127  28 

Z   -    .    -  127° 
z            -    .    166 

28' 
19 

331 
360 

9 
0 

Long,  place  of  end  28 

51 ; 

Long,  place  of  beg.    76    47  W. 


Taking  < »  1  h.  43.4  m.,  the  interval  between  the  timeT',  and  the  time 
at  which  the  eclipse  begins  or  ceases  to  be  central,  it  will  be  found  in  like 
manner  that  the  eclipse 

Begins  to  be  central  in  Long.  98°  9'  W.,  Lat.     8°  V  N. 
Ceases  to  be  central  in  Long.  52  38  £.,   Lat.  44  53  N. 

5.  To  find  the  times  andptacegj  at  tpJdch  the  beginning,  greatest  ohscma- 
tUm  and  end  of  the  ecUpse,  tnll  have  place  in  the  horizon^  at  the  same 
instant;  that  isy  tohen  there  wiU  onfy  he  a  simple  contact^  and  that  in  the 
horizon. 

Taking  k  with  the  same  sign  as  m\  add  it  to  m',  and  subtract  it  from 
Iff',  and  call  the  sum  and  remainder  s  and  r,  respectively.  If  s  and  r  are 
each  numerically  less  than  10,  that  is,  less  than  10  without  regard  to  the 
sign,  they  may  both  be  used,  and  there  will  then  be  four  times  and  places, 
at  which  the  phenomenon  will  occur.  If  either  is  numerically  greater 
than  10,  it  must  be  rejected,  and  there  will  be  only  two  times  and  places. 

Taking  either  of  the  quantities  s  and  r,  that  is  numerically  less  than  10, 
subtract  its  square  from  100,  and  call  the  square  root  of  the  remainder  h. 
Then,  as  n  :  A  : :  1  hour  :  an  interval  t.  Subtract  t  from  T,  and  add 
it  to  T'^  and  the  results  will  be  the  times  at  which  the  phenomenon  occurs. 

Subtract  h  from  10,  and  add  the  logarithm  of  the  remainder  to  the  con- 
stant logarithm  18.69897,  or  when  the  remainder  is  less  than  a  unit,  to 
the  constant  logarithm  8.69897.    Divide  the  result  by  2,  and  the  quotient 
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will  be  the  sine  of  an  arc  i  G,  which  must  be  marked  with  the  same  sign 
as  the  quantity  *  or  r,  that  has  been  used.  Subtract  N  from  G,  and  the 
remainder  will  be  the  value  of  x"  at  the  lime  T  — ^-  and  add  N  to  G, 
and  the  sum  will  be  its  value  at  the  lime  T  +  t.  With  ihe  values  of  x", 
proceed  as  directed  in  art.  3,  to  find  the  latitudes  and  longitudes  of  the 
corresponding  places. 

If  the  other  quantity  *  or  r,  is  also  numerically  less  than  10,  a  similar 
proceeding  will  give  two  other  times  and  places. 

Note.  When  there  can  be  only  two  places  found,  these  places  will  be 
northern  limits  if  m'  is  negative^  but  southern  ones,  if  m'  is  affirmative. 
When  four  places  are  obtained  the  distinction  of  the  northewi  from  the 
southern  will  be  obvious. 


4.72 
5.65 


100.00 
-     sq      0.86 


s^  +  10.37 
ra—   0.93 


h^9.9e  sq     99.14 


5.11  :  9.96 


h. 

h.    m. 

h. 

m. 

1   : 

t «  1  56-9 

r  =  2 

1.4 

t   m,  1 

56.9 

0      4.5,  earliest  time. 


10.00 
hm,  9.96 

remainder    0*04 
iGos—    2«>  34' 


3     58.3,  latest      do. 


8.69897 
log.  8.60206 


2)17.30103 
sin.  8.65051 


G«—    5       8 

N«+    5     44 


x"  =  —  10    52,  at  time  T'  —  t 

x"-—   0    36,      "      T'+< 

AttimeT  — «. 

X"  +  B  -  —  24*^  57'     ton.  9.66768  n        x"  +  B 
log.  c  9.51173 


tan.  9.66768  n 
log.  d  9.97869 
cos.  9.99497 


F  =  — 8^  42' 
A -322    21 


tan 


u  9.17941  n 


Lat.  23''  39' S.  ton.  9.64134  n 


»=3SI 
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At  lime,  T  +  t. 

x"  +  B'  =  +  14°  41'     tan.  9.41836           x"  +  B'  tan.  9.41836 

log.  c'  9.61173  II  log.  d  9.91869 

F  COS.  9.99843 


F  =  — 4°  62'        tan.  8.93009  n  

A'— 142    21  Lat.  13«>68'     tan.  9.39648 


%  mm  147      13 

Z,  at  timer 83*^  4^ 

Change  of  Z,  in  intervals  -        -        29     18 


Z,attimeT'  — <         -        •        -        -     64     22 


Z,  attimeT  +  l     •        -        -        •       112    68 

Z,  at  time  T  —  t.    64°  22'         Z,  at  time  T  +  i     1 1 2°  68 
z  „         „         331       8  «,  •*         «         147     13 


Long.  l8t  place        83     19  W.  325    46 

Long.  2d  place         34     16  E. 

6.  To  find  the  places  whiekf  at  a  given  time^  nnU  have  the  beginning 
or  end  of  the  ecUpee^  in  the  horizon. 

Let  t  be  the  interval  in  minutes,  between  the  time  T  and  the  given  time, 
and  find  the  arc  G,  as  in  art  4.  As  60  minutes  :  <  : :  n  :  a  fourth 
term.  To  the  square  of  m',  add  the  square  of  this  fourth  term,  and  call* 
the  square  root  of  the  sum,  m.  Take  the  difierence  between  m  and  10, 
and  add  it  to  J;  and  subtract  it  from  k.  Then  add  together  the  logarithms 
of  the  sum  and  remainder,  and  the  arithmetical  complement  of  the  loga- 
rithm of  40  m,  increasing  the  index  of  the  result  by  10,  if  this  is  neces- 
sary to  make  it  near  to  20,  and  divide  by  2.  The  quotient  will  be  the 
sine  of  an  afiirmative  arc  \  K,  less  than  90°.  When  the  given  time  is 
earlier  than  T,  add  the  arc  R  to  (G  —  N),  and  subtract  it  from  (G  —  N), 
and  the  sum  and  remainder  will  both  be  values  of  x'' ;  and  thus  there  will 
be  two  places  that  will  have  the  phenomenon  at  the  same  time.  But 
when  the  given  time  is  later  than  T,  add  the  arc  K,  to  (G  +  N)  and 
subtract  it  from  (G  +  N),  for  the  values  of  x". 

JYole  1.  When  the  last  article  gives  only  two  times  for  the  phenomenon 
there  proposed,  the  contact  of  the  limbs  of  the  sun  and  moon  at  the  two 
places,  found  for  a  time  prior  to  the  earlier  of  these  times,  will  be  the 
beginning  of  the  eclipse  at  the  places  ;  and  for  a  time  subsequent  to  the 
later  time,  it  will  be  the  end.  For  any  intermediate  time,  between  the 
times  there  found,  the  contact  at  one  place  will  be  the  beginning  and  at 
the  other  the  end. 
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When  that  article  gives  four  times,  the  same  observations  apply  to  the 
earliest  and  latest  of  these  times;  observing  that  during  the  interval 
between  the  later  of  the  two  earliest  times  and  the  earlier  of  the  two 
latest  times,  the  phenomenon  of  beginning  or  end  in  the  horizon  cannot 
have  place. 

2.  Generally  the  contact  in  the  horizon  takes  place  at  sunrise'  for  a 
time  prior  to  the  time  T',  and  at  sunset,  for  a  time  subsequent  to  the  time 
T'.  This  does  not,  however,  necessarily  hold  true  for  a  time  near  to  the 
time  "F.  When  there  is  a  doubt  whether  the  contact  takes  place  at  sun- 
rise or  sunset,  it  may  be  removed  by  converting  the  given  Greenwich 
mean  time  into  apparent  time  at  the  place  found.  If  this  time  is  more 
than  12  hours,  the  contact  takes  place  at  sunrise;  if  it  is  less  than  12 
hours,  the  contact  takes  place  at  sunset.  It  may  be  observed  that  it  is 
not  necessary  to  change  the  mean  time  at  the  place  into  apparent,  except 
the  resulting  mean  time  is  within  a  few  minutes  of  12  hours. 

CxAH.  Required  the  places  that  will  have  a  contact  of  the  limbs  in  the 
horizon,  at  0  h.  30  m. 


.7.78 


h.      m.             m>      m. 
T  — 2       1.4             60  :  91.4  ::  5.11  : 
Given  time  «»  0    30.0 

fourth  term  : 

lal       31.4  a- 91.4 

log.  G.  1.74439        m' 
1 «  91.4  Ar.  Co.  log.  8.03905        4lh  term 

tq  22.31 
sq  60.53 

G  =  +  31*»   16'    tan.  9.78344    m  =  9.10 
N=+    5    44                                    la.OO 

sq  82.84 

(G— N)=  +  25    32                           Diff.     0.90 
K  «  +  34      0                               Ar  »  5.65 

x"  =  +  59     32  Sum.  6.55  log.  0.81624 

Rem.  4.75  "    0.67669 

also,  x"  —  —   8     28  40  m.  «  364  Ar.  Co.  •*     7.43890 


2)18.93183 

iKs.  n''  0'       sin.  9.46591 

K  =  34    0 

With  the  above  values  of  >f\  the  longitudes  and  latitudes  of  the  two 
places  will  be  found  to  be, 

1st  place,  Lof^      1 16**  40'  W. ;  Lat.  42«  34'  N. 
2d  place,  l^.^'   gO    43  W. ;  Lat.  21     24  S. 

Digitized  by  LjOOQIC 


ASTRONOMY.  343 

Using  the  same  talae  of  K,  and  taking  (G  +  N)  instead  of  (G  —  N) 
W6  may  find  two  other  places,  which  at  1  h.  31.4  m.  after  the  time  T» 
that  is  at  3  h.  32.8  m.,  will  have  a  contact  of  the  limbs  in  the  horizon. 

7.  To  find  the  earliest  and  latest  timeSf  and  the  places  at  which  the 
greatest  phase  will  occur  in  the  horizon*    « 

When  m'  is  numerically  equal  to*  or  greater  than,  hi  the  times  and 
places  found  by  art.  5,  will  be  the  times  and  places  required. 

When  m'  is  less  than  k,  find  an  interval  t,  from  the  proportion,  n  :  10  : : 
1  hour  :  t.  Subtract  t  from  V  and  add  it  to  T',  and  the  remainder  and 
sum  will  be  the  times  required. 

The  arc  N  with  its  sign  changed  will  be  the  value  of  x"  at  the  earliest  time, 
and  without  change  of  sign  it  will  be  the  value  of  x''  at  the  latest  time. 
The  values  of  V  being  known,  the  latitudes  and  longitudes  of  the  places 
may  be  found  as  before.  The  calculation  need  not  however  be  repeated 
for  the  second  time,  as  the  value  of  F,  will  evidently  be  the  same  at  each 
time,  and  the  latitude  of  the  second  place  will  only  differ  from  the  firsts  in 
having  a  contrary  name. 

In  the  present  eclipse  mf  is  less  than  k. 


5.11  :  10 


h.          h.     m. 
1  :  1^1  67.4 

h. 

r  =  2 

<  =  1 

m. 
1.4 
67.4 

m 

0 

4.0,  earliest  time 

3 

68.8,  latest    do. 

At  earliest  time,  x"  =  —  6"*  44' 
"  latest        «*     x'' «  +  6     44 

With  these  values  of  x'',  we  find, 

Long.  1st  place  86**   12'  W. ;  Lat.  18°  49'  S. 
Long.  2d     "      35     66  E. ;  Lat.  18     49  N. 

8.  To  findj  for  a  gvoentime^  the  place  or  places  that  will  have  the  greatest 
pkasie  in  the  horizon. 

Let  I  be  the  interval  between  the  time  T  and  the  given  time.  Then, 
as  1  hour  :  <  : ;  n  :  a  fourth  term.  Subtract  this  fourth  term  from  10, 
and  add  the  logarithm  of  the  remainder  to  the  constant  logarithm  8.69897, 
increasing  the  index  by  10,  except  when  the  remainder  is  less  than  a  unit, 
and  divide  by  2.  The  quotient  will  be  the  sine  of  an  arc  i  G.  When 
mf  is  numerically  equal  to,  or  greater  than,  Xr,  the  aro»i  G  must  be  taken 
with  the  same  sign  as  m'.  When  m'  is  less  than  A;,  the  arc  i  G  may  be 
taken  either  afiirmative  or  negative  for  any  time  between  the  earliest  time 
found  by  the  last  article,  and  the  earliest  found  by  art.  5,  or'  between  the 
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latest  times  found  by  these  two  articles,  and  two  places  may  be  found 
that  have  the  phenomenon  at  the  same  time ;  for  any  other  time  the  arc 
i  G  must  have  the  same  sign  as  mf ;  observing  that  between  the  later  of 
the  two  earliest  times  found  by  art.  6,  and  the  earlier  of  the  two  latest 
times,  the  phenomenon  of  greatest  phase  in  the  horizon  cannot  have 
place. 

When  the  given  time  h  earlier  than  T',  subtract  N  from  G,  for  the  value 
of  x'' ;  but  when  it  is  later,  add  N  to  G. 

Exam.  Let  it  be  required  to  find  the  places  that  will  have  the  greatest 
phase  in  the  horizon  at  1  h.  30  m.,  and  at  2  h.  32.8  m. ;  that  is,  at  31.4  u* 
before  and  after  the  time  T'. 

Here  t  =  0®  31.4'  10.00 

fourth  term    2.67 

h.     h.     m.  

1  :  0    31.4  ::  5.11  :  fourth  term  a  2.67  Remainder  =  7.33 

8.69897 
Rem.  »  7.33  log.  0.86510 


2)19.66407 


iG=  +  37°    15'  sin.  9.78203 


» 


G  e=  +  74     30 
N=         6     44 


x"  =       68     46,  at  earlier  time, 


x"  «       80     14,  "  later       " 

With  these  values  of  x",  we  find, 

Long,  of  place  at  earlier  time,  138°  5'  W. ;  Lat.  50°  42'  N. 
"         "         "     later      "      153  46   E.  ;  Lat.  70     30  N. 

9.  To  find  the  place  in  the  northern  or  southern  limUf  which,  at  agvoen 
time,  wUl  have  only  a  nmple  contact. 

Find  the  values  of  k  sin.  N  and  k  cos.  N.  Then  using  the  upper  signs 
for  a  northern  limit,  but  the  lower  ones  for  a  southern  limit,  put  n^  =  a 
T  *?  sin.  N,  and  b'^bl^k  cos.  N.  These  values  of  a'  and  y,  may  be 
considered  constant  during  the  eclipse. 

Let  /,  expressed  in  hours  and  decimals  pf  an  hour,  be  the  interval 
between  the  time  T  and  tfie  given  time,  and  find  the  products  tp\  tq'  and 
in.  To  the  value  of  *  or  r,  fV^pnd  by  art.  5,  add  the  square  of  tn,  and  subtract 
the  sum  from  100.    Tb^     ^^^e  root  of  the  remainder  will  be  a  quantity^, 
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wJiich  will  have  the  same  value  for  ^ual  titnea  before  and  after  the  time 
T.  WkeD  the  giveo  time  is  earlier  than  T^  attending  to  tbe  signs,  sul>* 
tract  the  products  fp'  and  i^  from  a'  and  b'y  respectively,  and  call  tbe 
remainders «"  and  b'\  When  the  given  time  is  later  than  T',  add  the  pro- 
docti  ^  and  i^^  to  of  and  h'y  for  the  values  o(  of'  and  b''. 

To  tbe  logarithm  of  a',  add  the  arithmetical  complement  of  the  loga- 
rithm of  gf  and  the  sum  will  be  the  tangent  of  an  arc  D,  less  than  90^» 
which  must  have  the  same  sign  m4^\  Attending  to  its  sign,  add  the  arc 
D  to  the  sun*s  longitude  and  it  will  give  U'^  the  longitude  of  the  zenith 
of  the  required  place.  Add  together  the  cosine  of  D,  the  logarithm  of 
b'\  and  the  arirbmelical  complement  of  tbe  logarithm  of  g,  and  the  sum 
will  be  the  tangent  of  x",  with  the  same  sign  as  y.  With  the  longitude 
and  latitude  of  the  zenith,  its  right  ascension  and  its  declination,  or  tbe 
latitude  of  tbe  place,  may  be  found  by  pfob.  XVIII ;  observing  that  to 
have  tbe  geographic  latitude,  the  constant  logarithm  0.00290,  should  be 
added  with  the  tangent  of  (B  +  £)  and  sine  of  tbe  right  ascension. 

Note.  A  place  in  the  annular  or  total  limits  may  be  found  in  the  same 
manner,  only  taking  k  equal  to  the  difference  between  2.73  and  B,  instead 
of  their  sum. 

Required  tbe  place  that  will  have  only  a  simple  contact  at  3h.  Om.  in 
tbe  southern  limit,  whicbt  as  appearjs  by  art.  4,  is,  in  tbe  present  eclipse, 
tbe  only  limit  of  simple  contact. 

*  =  6.66  log.  0.76206         k  -         -     log.  0.76206 

N«  +  6^   44'    sin.  8.99966         N      "-        -        cos.  9.99782 


*  sin  N  =  +  0.66  9.76161         k  cos  N  =  +  6.62       0.74987 

a«  — 0.47  6«  +  4.70 

a' =  +  0.09  6'—  — 0.92 

h.  m. 
Given  time,  3  0 
T'=  2     1.4 


t  «  0  68.6  »  0.977  h. 

tp'  «+  4.96  ;  /^'  -i  +  0;60  ;  <n  =  +  4.99 


in 

0.86 
tq.  24.90 

a'«  +  0.09 
tp'  a  +  4.96 

a*'  »  +  6.06 

6'= —  0.92 
tq'  «  +  0.60 

26.76 
100.00 

V'ma^OAi 

^=8.62 
44 

iq.  74.26 
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a"  ==  +  5.06  log.  0.70329    ft"—— 0.42  log.  0.6S326ii 

g  mm      8.62Ar.Go.  '<     9.06449    g  Ar.  Go.    '«     9.06449 

D       .        .        .    COS.  9.93591 

D    «  +  30*   22'       tan.  9.76778  

U  =       64     42  x"  -         -        Un.  8.6286511 

h"     -         At.  Co.  BID.  0.00161 

L^=       86      4  

B->177''  35'  8.6252611 

E«    23     28 

B  +  £  »  201       3 

B  +  E  =  201°  3'  COS.     9.97001 «   B  +  E  Ud.  9.58531 

U'a    85    4  tan.  11.06391      Right  asc.  zee.  rin.  9.99815 

B  a  1 77  35  Ar.  Co.  cos.  0.00039  n  0.00290 

Rightasczen.  =  84""  43'  tan.  11.03431       Lat.  21^^  6'  N.    tan.  9.58636 

h.    b.     m. 

1   :  0    68.6  ::   16^  2.5'  :  14°  41' 

Z at  time  TT    83*  40" 

Change  ofZ 14    41 

Z at  given  time    98    21 

%  ....-«  «         84     43 

Long,  of  required  place  13    38  W. 

9.  To  find  the  place  thUiMhaoe  the  nmcen^ 
time. 

Taking  t  equal  to  the  interval  between  the  given  time  and  the  time  T, 
find,  as  in  the  last  article,  the  products  <;/,  tt(  and  tn>  When  the  given 
time  is  earlier  than  T',  subtract  tp'  and  t^  from  a  and  5,  respectively, 
and  call  the  remainders  a!*  and  h".  When  the  given  time  is  later  than 
T'»  add  tpf  and  ^  to  a  and  ft,  for  the  values  of  a"  and  ft".  To  the  square 
of  m'»  add  the  square  of  <n,  and  subtracting  the  sum  from  100,  call  the 
square  root  of  the  remainder^.  The  value  of  ^  will  be  the  same  for  equal 
times  before  and  aAer  the  time  T'.  With  the  values  of  a'\  b'\  and  gf 
proceed  as  in  the  last  article,  to  find  the  latitude  and  longitude  of  the 
place. 

Required  the  place  that  will  have  the  sun  centrally  eclipsed  at  1  h.  10  m. 
after  the  time  T' ;  that  is,  at  3  h.  1 1.4  m. 

tpf  =  +  5.93  ;<}'-+  0.59  ;  m  »  5.96 
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a  «  —  0.47     ft  «  +  4.70     m'  sq.   22.31 

Ip'  »  +  5.93    t^  as  +*  0.69      tn  gq.   85.52 

a"  mm  +  5.46    ft^  —  +  5.29  57.83 

100.00 

^  a- 6.49  sq.   42.17 

tf"  —  +  5.46      log.  0.73719  ft"  =  +  6.29      log.  0.72346 
g    mm      6.49 Ar. Co."  9.18776  g  Ar.  Co.  "  9.18776 

D    -    ...  COS.  9.88388  ♦ 

B  —  +  40«  4'    Un.  9.92496  

L'  —  +  54  42  a"  -    •    -    ton.  9.79505 

U'        .    Ar.  Co.  do.  0.00150 

L"  —   94  46  

B«32<»  3'  9.79655 

E  »  23  28 

B  +  E  =  55  31 

B  +  E  »  55''  3r      COS.  9.75294   B  +  E     ton.  10.16314 

L''«-i94  46      ton.  11.0789011  R.  asc.  zen.  sin.  9.99664 

B  »  32   3  Ar.  Co.  cos.  0.07182  0.00290 

R.  asc.  zen.  »  97<'  r        ton.  10.90366  n  Lat.  bb""  29' N.  ton.  10.16268 

h.  h.  in.   b.   no. 

1:1  10  ::  15  2.5  :  17^33' 

Z at  time  T'   83**  40' 

Ciiang6ofZ 17    33 

Z at  given  time  101     13 

% •«         «         97       7 

Long,  of  required  place,  4      6  W. 

SCHOLIUM.  By  calculating  for  various  times  during  the  eclipse,  the 
places  that  will  have  given  phenomena,  denoting  these  places  on  a  map, 
and  drawing  lines  through  the  corresponding  ones,  a  representotion  of  the 
limito  d&c.  of  the  eclipse  will  be  formed,  as  in  Fig.  62,  which  exhibits 
them  for  the  present  eclipse. 

The  resulto  that  have  been  obtained  are  to  be  regarded  as  only  approzi: 
mative.  [f,  in  any  case,  greater  accuracy  is  desired,  it  may  be  obtoined 
by  corrections  and  recalculations  mentioned  in  the  appendix  to  Part  I., 
from  the  formula  in  which  the  rules  in  this  problem  and  the  preceding  one 
have  been  deduced. 
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PROBLEM  XXXVI. 

The  values  off  or  q^at  three  consecutive  whole  hours  being  givent  to  find 
their  values  at  the  intermediate  half  hours. 

Let  the  times  at  the  whole  hours  be  t  —  1,  <,  and  t  +  \.  Attending 
to  the  signs,  subtract  the  value  of  the  quantity  at  the  time  t —  1,  from  its 
value  at  the  time  ty  and  its  value  at  the  time  t,  from  its  value  at  the  time 
1+1,  and  the  remainders  will  be  the  first  differences.  Subtract  the  first 
of  these  firom  the  second,  and  the  remainder  will  be  the  second  difference^ 
Attending  to  the  signs^  add  j-  of  the  second  difference  to  the  value  of  the 
quantity  at  the  time  t ;  and  from  the  sum,  and  to  it,  subtract  and  add  i 
of  the  sum  of  the  first  differences,  and  the  results  will  be  the  values  of  the 
quantity  at  the  times  t  —  i  and  <  +  i»  respectively. 

Exam.  Given  the  values  of  p  on  any  day,  at  3  h.  +  4.4913  ;  at  4  h-  + 
9.675& ;  and  at  5  h.  +  14.6596  ;  to  find  its  values  at  3  h.  30  m.  and  4  h. 
SOm. 


P- 
+    4.4913 
+    9.6759 
+  14.6596 


Ist  dUT. 

+  5.0846 
+  6.0837 


4)+  10.1683 
+  2.54207 


8 


—  0.0009 


—  0.00011 


+    9.5769 
—   0.00011 


+    9.67679 
+    2.64207 


+    7.0337,  value  of  p  at  3  h.  30  m. 


+  12.1179,      *•        «      4h.  30  m. 

PROBLEM  XXXVIL 

To  odleulate  with  precision  an  Eclipse  of  the  Sun  for  a  given  piaee^ 
using  the  places^  dfc.  of  the  moon  and  sun^  as  obtained  from  the  Nauticai 
Almanacy  or  other  accurate  Ephemeris. 

1.  To  find  the  values  of  certain  ^piantiUes  that  are  general  and  serve 
for  anif  place. 

Lot  L  and  L'  represent  the  longitudes  of  the  moon  and  «un,  respectively, 
A  and  x'»  their  latitudes,  «•  and  v ,  their  equatorial  borisontal  parallaxe8» 
d!  tbe  sun's  semidiameter,  and  j  the  apparent  obliquity  of  the  ediplic* 
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Abo  let  T  be  the  GreoDwich*  mean  time  of  new  moon,  uken  to  the 
nearest  whole  hour ;  a  time  an  hour  earlier  being  represented  by  T-*l, 
an  hour  later,  by  T  +  !»  &c. 

For  the  times  T  — 3,  T  — 2,  T  — 1,  T,  T+  1,  T  +  2,  and  T+ 3» 
find  the  values  of  L«  L'»  x,  a',  v,  and  d\  And  for  the  time  T,  find  the 
values  of  V  and  i«  These  two  values  may  be  considered  constant  during 
tiie  eclipse.    Put, 


10  sin  (L  — L')  cosx 
10  sin  (a  — xQ 


sin  («•  —  w) 
^       10  cos  (L  —  V)  COB  (x  —  V)  Un  H 
sm  {w  —  «• ) 

Find  the  ?alues  of  p,  q,  and  R,  for  each  of  the  hours  mentioned  abo?e» 
extending  them  to  four  decimal  figures,  and  by  the  last  problem  find  the 
Talnes  of  p  and  9,  for  the  intermediate  half  hours*  The  value  of  R,  at 
each  half  hour,  may  be  taken  equal  to  the  half  sum  of  its  values  at  the 
preceding  and  following  whole  hours.  Arrange  the  values  found  in  a 
table,  placing  in  columns  respectively  adjacent  to  those  containing  the 
values  of  p  and  9,  the  differences  of  their  values  for  each  half  hour. 
Then  the  values  of  p'  and  9',  for  any  whole  hour,  will  be  equal  to  the 
sum  of  the  preceding  and  following  difTeiences.  The  values  of  p^  and  q' 
may  be  placed  in  columns  adjacent  to  the  columns  of  difierences.  From 
the  values  of  p,  9,  d&c.  for  the  times  contained  in  the  table,  their  values 
for  any  intermediate  time  may  be  readily  obtained  by  proportion. 

Add  to,  or  subtract  from,  the  sidereal  time  at  mean  noon  at  Green- 
wich, taken  from  the  Nautical  Almanac  and  converted  into  degrees^  the 
product  of  15"^  2'  27.8"  by  the  number  of  hours  the  time  T  is  afler  or 
before  noon,  and  the  result  will  be  tho  Greenwich  sidereal  time,  or,  which 
is  the  same,  the  right  ascension  of  the  zenith  of  Greenwich,  at  the  time  T. 

Taking  the  value  of  L'  at  the  time  T,  add  together  tan.  i  §  and  cos.  L^ 
rejecting  ten  from  the  index  of  the  sum,  and  call  the  result  log.  C.  Take 
the  tangent  of  the  same  value  of  U,  and  call  it  log.  G". 

With  the  moon's  equatorial  horizontal  parallax  at  the  time  T,  take  the 
value  of  r,  from  table  LXXV. 

2.  Calculaiionfar  a  given  place. 

Find  by  prob.  XXXIII,  the  logarithms  A,  B,  and  G,  to  five  decimal 
places,  and  the  quantity  /,  to  four  decimal  places.  Taking  the  value  of 
L',  at  the  time  T,  add  cos.  L'  to  log.  A,  and  call  the  natural  number  cor« 

*  The  placei,  &c.,  of  the  ran  and  moon  are  here  rappoeed  to  be  taken  from  the  Nan. 
tkal  Almanao,  and  eooiequently  the  time  need  i«  Greenwich  time.  When  they  are 
taken  ftom  an  Bphemeria  ealculated  for  a  diffiurent  meridian,  it  will  be  more  oonvenient 
to  ose  the  time  at  that  meridian. 
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responding  to  (be  sum/  a.  To  the  logarithm  of  a,  addiog.  C'S  and  call 
the  natural  number  corresponding  to  the  sum,  a".  And  add  together  the 
logarithm  of  a",  the  logarithm  of  the  sun's  hourly  motion^  in  seconds, 
and  the  constant  logarithm  4.68567|  and  call  the  natural  number  cor- 
responding to  the  sum,  a\  The  values  of  af^  and  a'  may  be  regarded 
constant  during  the  eclipse ;  but  the  ?alue  of  a  is  only  accurately  true  for 
the  time  T.  To  find  its  value  for  any  other  time,  differing  froAi  T,  by  an 
interval  f,  say  as  1  hour  :  <  : :  a'  :  a  fourth  term,  with  the  same  sign  as 
a'.  If  the  given  time  is  after  the  time  T,  add  this  fourth  term  to  the  value 
of  a,  at  the  time  T,  but  if  it  is  earlier,  subtract,  and  the  result  will  be  the 
required  value. 

Let  Z  represent  the  right  ascension  of  the  zenith  of  the  given  place. 
To  the  right  ascension  of  the  zenith  of  Greenwich  at  the  time  T,  or  from 
it,  add  or  subtract  the  longitude  of  the  given  place,  according  as  it  is  eaH 
or  io€«f,  and  the  sum  or  remainder  will  be  the  value  of  Z,  at  the  time  T. 
Its  value  at  any  other  time  during  the  eclipse  may  readily  be  found  by 
Ubie  LXXI«. 

Using  logarithms  to  three  decimal  places,  and  natural  numbers  to  two, 
proceed  as  in  prob.  XXXIV,  to  find  near  approximate  values  of  the  timet 
of  greatest  approximation,  &c.  With  these  times  repeat  the  calculation, 
using  logarithms  to  five  decimal  places,  and  natural  numbers  (o  four, 
except  for  the  values  of  a",  b',  c\  and  g\  which  need  not  be  extended 
beyond  three.  Observing,  also,  that  in  order  to  obtain  the  correction  of  R 
more  accurately,  we  must  add  log.  C"  to  the  logarithm  of  c,  and  taking 
the  natural  number  corresponding  to  the  sum,  and  calling  it  e'\  we  must 
take  E  =  a"  +  ft'  +  c". 

Nate*  The  general  values  found  by  the  first  part  of  the  rule,  serve, 
not  only  for  calculating  the  times  of  beginning,  &c.,  of  an  eclipse  for  any 
place  at  which  it  is  visible,  but  also  for  calculations  founded  on  the 
observed  times  of  beginning  or  end,  at  any  place,  to  determine  its  longi- 
tude. For  simply  determining  the  times,  dec,  for  a  single  place,  the  cal- 
culation might  be  considerably  shortened.  It  may  further  be  observed, 
that  if  instead  of  finding  near  approximate  values  of  the  times  of  beginning 
and  end,  as  in  prob.  XXXIV,  the  first  approximate  values  are  used,  the 
difference  in  the  results  will  seldom  exceed  a  few  tenths  of  a  second. 

Exam.  Let  it  be  required  to  calculate  for  Philadelphia,  with  data  taken 
from  the  Nautical  Almanac,  the  eclipse  calculated  in  prob.  XXXIV. 

1.  For  quantities  independent  of  the  place. 

By  the  Nautical  Almanac,  the  time  of  new  moon  is  May  16th,  at  2  h. 
6.9  m.  Taking  therefore  T  »■  15  d.  2  h.,  we  find  the  values  of  L,  L'  &c. 
for  the  whole  hours  from  14  d.  23  h.  to  15  d.  5h.  inclusive. 

*  It  II  to  be  nndentood  here  and  in  other  eases,  except  in  that  of  the  tangent  of  an 
are,  that  ten  is  to  be  rejected  from  the  index  of  the  sum,  whenever  it  is  equal  to,  or 
exceeds,  ten. 
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d. 

b. 

14 

33 

15 

0 

M 

1 

W 

2 

M 

3 

M 

4 

U. 

5 

L 

53«  8' 54.63' 

53  38  56.50 

54  8  57.83 

54  38  58.33 

55  8  58.07 

55  38  57.09 

56  8  55.39 


V 

54034' 58.09' 
54  37  22.60 
54  39  47.11 
54  43  11.62 
54  44  36.13 
54  47  0.63 
54  49  35.13 


X 

x' 

jr 

+ir  4.36" 

+0.37" 

54'  36.30" 

19  50.80 

0.37 

54  35.60 

33  37.09 

0.38 

54  34.90 

35  33J21 

0.38 

54  34.30 

38    9.14 

0.39 

54  33.53 

30  54.86 

0.39 

54  33.84 

33  4036 

0.40 

54  23.17 

15  49.91 
15  49.90 
15  49.89 
15  49.88 
15  49.88 
15  49.87 
15  49.86 


For  time  T,  we  find  «-'  «=  8.48" 


.  »  23^  27'  44" 

At  time  T  —  3,  or  Ud.  23  h. 

»  — »'  «      0^  64'    17.82",     1  +  Ar.  Co.  sin.  2.8015161 
L— L'«— 1     26      3.46     -        -        -    sin.  8.3984703 n 
Aa+         17       4.36  -         .         COS.  9.9999947 


JIB— 15.8482 

r 

X— A'«  +  ir  3.99" 
qmm  +  3.1433     - 


1.1999811  n 

1  +  Ar.  Co.  sin.  2.8016161 
.     sin.  7.6968688 


L.— L'  -       - 

X— x'       -       . 
(r«16'  49.91" 

11  —  2.9160 


-      0.4973849 

1  +  Ar.  Co.  sin.  2.8016161 

-     COS.  9.9998639 

COS.  9.9999947 

•    tan.  7.6632603 


0.4646360 


Making  similar  calc'jlations  for  the  other  hours,  applying  the  last  problem 
to  find  the  quantities  for  the  half  hours,  and  proceeding  as  directed  in  the 
rule,  we  obtain  the  following  values. 


h.  m. 
33    0 

-15.^483 

30 

—13.3061 

0    0 

—10.7639 

30 

—  8ii315 

1    0 

—  5.6789 

30 

—  3.1363 

3    0 

—  0.5937 

30 

- 

-  1.9488 

3    0 

- 

-  44913 

30 

- 

-  7.0337 

4    0 

- 

-  9.5759 

30 

- 

-13.1179 

5    0 

- 

-14.6596 

DIff. 

+3.5431 
3.5433 
3.5434 
3-5436 
3.5426 
3i;426 
3.5435 
3.5435 
3.5434 
3.5433 
3.5430 
3.5417 


I 


+5.085 
5.085 
5.085 
5.085 
5.084 


9 

+3.1433 
3.3993 
3.6550 
3.9107 

,  4.1664 
4.4220 
4.6775 
4.9329 
5.1883 
5.4435 
5.6986 
5.9536 
6.3084 


Diff. 

+0.3559 
0.2558 
0i2557 
05557 
0.3556 
0.3555 
0.2554 

0.2553 
05551 
05550 
05548 


+0.511 

+0.511 

0.511 

0.511 

0.S10 


R 

2.9150 
2.9156 
2.9161 
3.9165 
3.9169 
3.9173 
3.9176 
3.9179 
3.9181 
3.9183 
3.9185 
3.9186 
3.9186 


h.    m.     sec. 
Sidereal  time  at  mean  noon  at  Greenwich,  tab.  LV.  3    32    67.98 


m  arc. 


Add, 


Right  ascen.  of  sen.  of  Greenwich  at  2  h. 


63^   14'    29.7" 
.     30      4     66.6 

83     19     26.3 
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At  time  T  a  2  h. 

i ,  «  n^  43'  52"    tan.  9.31727         Log.  C" «  10.14999 
U«64  42  12    COS.  9.76178  r  a.  2.7323 


Log.  C.  9.07906 

2.  CaJculaUonfor  Philadelphia. 
By  prob.  XXXIII,  we  find, 


log. 

A. 

a  0.40536 

log.  G.B  0.48521  fi 

log. 

B. 

a-  0.88617 

/  =  — 5.8591 

At  the  time  T  —  2  h.  0  m. 

log.  A.  0.40535 

L' 

a 

m                   m 

B  +  1.4694 

-  COB.   9.76178 

0.16713 

Log.  C.  10.14999 

U"  .3 +  2.075  0.31712 

Sun's  bor.  mot.  144.5'Mog.  2.15987 
4.68557  n 


a' »•— 0.00145  7.16256  n 

/ 

Tbe  approximate  calculation,  with  (be  data  obtained  above,  would  give 
the  times  of  greatest  obscuration,  beginning,  and  end,  very  nearly  the 
same  as  obtained  in  prob.  XXXIV,  with  the  data  there  used.  We  may 
therefore  take  these  times  for  the  subsequent  part  of  the  calculation. 

At  1  h.  14.2  m.  a  near  approx.  time  of  greatest  obscur. 

pai —  4.4754  Z  «366°  40'   32" 

5  =  +  4.2874  L'  —    54     40     21 

Log.  B.  0.88517  Log.  B.  0.88517 

Z  —  L'  **  302°  0'  1 1"    sia  9.92841  n    Z  —  L'  cos.  9.72425 


4  «  —  6.5100  0.81358  n  V  =  +  4.068      0.60942 

Log.  G.  0.48521  n  ^  Log.  G.  0.48521  n 

sin.  8.7633511  Z  •        -    cos.  9.99927 


g  wm  +  0.1772  9.24856  g" « —3.051  0.48448  n 

log.  C.  9.07905  log.  C.  9.07906 

e  mm+  0.0213  8.32761  e'  >■  ^0.366  9.56353  ii 

log.  Cy  10.14999 


€r  «  0.030  8.47760 
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ti»  — 5.0182 
©  «  +  6.0362 

«'  «  +  0.969 
©'=  —  0.801 

a?  =+0.5428 
y»— 1.7488 

ar'«  +  4.1l6 
y'  =  +  1.312 

xx' »  +  2.2342 
yy'  «  —  2.2944 

x"                 sq.  16.94 
y'                 sq.     1.72 

«c'  +  jry'-.  — 0.0602 

nB4.32    sq.  18.66 

18.66  :  —0.0602  : 

m.          sec. 
:  60  :  —11.6 

h.     in.    sec. 
Approz.  tiuie  of  greatest  obacur.         1     14     12 
CorrectioD,  subtract                                  —     11.6 

True  time, 

1     14     23.6 

,      —0.0602 

n  niA 

"  ^       4.32 

WBS  —  V.V  J  *9 

X                     Bq.  0.2946 
y                    sq.  3.0583 

E-a"  +  fc'  +  c"  =  6.17 
R'  =  2.9171 
k  =  5.6209 

353 


3.3529 
sq.  0.0002 


m«  1.8310    sq.  3.3527 

^   ~ — -  =  7.87  OB  digits  eclipsed  on  south  limb. 

At  0  h.  3.8  m.  a  near  approx.  time  of  beg. 

2,= —10.4419                Z  =  339^     1'    39" 

g  =  +    3,6874*                U—    54     87     32 

Log.  B  0.88517                                Log.  B  0.88517 

z. 

—  L'  «  284^  24'  7"  sin.  9.98614  n    Z  —  U                  cos.  9.39572 

J  «  _  7.4355            0.87131  fi              ft'  «  +  1.909        0.28089 

Log.  G  0.48521  n                                Log.  6  0.48521  n 

z 

sin.  9.5537911              Z        -        -      cos.  9.97023 

g 

—  +  1.0939            0.03900                g'  —  —  2.854            0.45544  n 

log.  C  9.07906                                       log.  C  9.07905 

e  «■+ 0.1312  9.11805 

log.  C"  10.14999 


if  -.—0.342 


9.53449  ft 


+  0.185 
45 


9.26804 
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ub:  — 5.8321 
o  s  +  6.9530 

ar=_  4.6098 
y»— 3.2656 


tt'  —  +  0.410 
,<« —0.749 

a' «+ 4.675 
y'  =  +  1.261 


X 

y 


gq.  21.2503 
€q.  10.6640 


E»4.17 
R'»  2.8969 

ft  »  5.6292 


sq.  31.6887 
*^.     3.3527 


31.9143 
Mq.     3.3517 


A'  »  5.3232    gq.  28.3360 
ft  —5.3443 


A  =  5.3443    aq.  28.5616  Diff.  —  0.021 1 


of 


sq.  21.85 
^.     1.59 


n  a  4.841     aq.  23.44 


m.      sec. 
4.841   :  0.0211  : :  60  :  15.7 

,  h.   m.  sec. 

Approx.  time  of  beg.  0    3    48 
ConectioD,  add  15.7 


True  time  of  beg.        0    4      3.7 
At  2  b.  33.3  m*  ss  Dear  approx.  time  of  end. 
p^  +  2.2285  Z  «  16^  30'    17" 


9-  + 4.9610 


L'  =  54     43     31 


Log.  B  0.88517 
Z  — L'=:82l°46'46"  sin.  9,791 48  n  Z  — L' 


Log.  B  0.88517 
COS.  9.89522 


b=  —  4.7496 


0.67665  n 


Log.  6  0.48521  n 
sin.  9.45346 


ft' a +  6.031   0.78039 

Log.  G  0.48521  II 
cos.  9.98173 


^.H,_  0.8683     9.9386711 
log.  G  9.07905 


^-.  —  2.930      0.4669411 
log.  G  9.07905 


c  =1  —  0.1042     9.01772  n 
•  log.  C"  10.14999 


c' as— 0.352 


9.54599  n 


,_  0.147 


9.16771  n 


tf  BO  —  3.3852 
9  »  +  4.9908 

x=  +  5.6137 
y  +  — 0.0298 


II' «  +  1.487 
v'  ^  —  0.769 
ar'  =  +  3.598 
y  a  +  1.280 


E  »      7.96 
R' »      2.8812 

ft  »  +  6.6136 
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X  9ti.  31.6136 

y  «9.    0.0009 


31.5145 
#g.     3.3627 


k 

9q.   31.6114 

m 

«9.  3.3627 

A' «  6.3065 

«g.  28.1687 

A  B  5.3068 

Diff.  =  0.0003 

m.  sec. 

3.82  :  0.0003 

:  :  60  :  0.3 . 

A  »  5.3068     «9.  28.1618 

x'  «;.  12.96 

y'  sq.     1.64 

h.    m.     sec. 

n  a  3.82      4^.  14.59         Approz.  time  of  end,  2     33     18 
Gorrectioo,  subtract,  0      0.3 


True  time  of  end,         2     33     17.7 

Expressing  the  times  in  mean  time  at  Pbiladelphia,  we  have, 

b.  m.  sec* 

Beginning,         -        -        -     7  3  23.7 

Greatest  obscur.     -        -        8  13  43.6 

End,          -         -        .         .     9  32  37.7 

Digits  eclipsed     7.87. 

SCHOLIUM.  In  the  preceding  calculation,  no  allowance  has  been 
made  for  irradiatioi)  and  inflexion.  If  we  assume  a  correction  on  thai 
account,  amounting  to  6"  in  the  sum  of  the  semidiameters  of  the  sun  and 
moon,  it  will  gite  the  time  of  beginning  about  1 1  seconds  later  than  found 
above,  and  the  time  of  end  about  14  seconds  earlier. 

PROBLEM  XXXVIII. 

The  observed  time  of  beginning  or  end,  or  both,  of  an  Eclipse  of  the 
Sun^  at  a  place  whose  latitude  is  knawn^  being  given^  to  find  the  longitude 
cf  the  place. 

1.  When  only  the  time  of  beginning  is  observed. 

Assume  for  the  place,  a  longitude  as  nearly  correct  as  existing  know- 
ledge of  its  position  will  permit. 

With  the  assumed  longitude  find  the  sidereal  time  of  mean  noon  at  the 
place,  by  the  note  to  the  rule  in  prob.  XXII.  Take  the  interval  between 
mean  noon  and  the  mean  time  of  the  observed  beginning,  and  convert  it 
into  sidereal  time,  by  the  table  of  time  equivalents  at  the  end  of  the  Nauti- 
cal Almanac.  When  the  observed  time  is  brfore  mean  noon,  subtract  this 
sidereal  time  from  the  sidereal  time  of  mean  noon,  but  when  it  is  trfter 
noon,  add  it,  and  converting  the  remainder  or  sum  into  arc,  it  will  be  the 
value  of  Z,  the  right  ascension  of  the  zenith  of  the  place  at  the  observed 
time  of  beginning. 
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Using  the  assumed  longitude,  find  the  Greenwich  mean  time  eorre- 
spoodiog  to  the  observed  time  of  beginning,  and  for  this  time  find  the 
values  ofL',  p,  9,  R,  p'  and  ^,  as  in  the  last  problem.  To  the  logarithm 
of  9',  add  the  arithmetical  complement  of  the  logarithm  of  p",  and  the  sum 
will  be  the  tangent  of  an  arc  N,  less  than  90^  which  must  be  marked 
with  t)ie  same  sign  as  q\  To  the  logarithm  of  p'  add  the  arithmetical 
complement  of  the  cosine  of  N,  and  the  natural  number  corresponding  to 
the  sum  will  be  the  value  of  n. 

Find  for  the  place  of  observation,  by  prob.  XXXfil,  the  logarithms 
A,  B,  and  G»  and  the  quantity  /.  To  log.  A,  add  cos.  L',  and  the  natu- 
ral number  corresponding  to  the  sum  will  be  the  value  of  a.  Also,  to 
log.  Ay  add  sin.  L',  and  the  natural  number  corresponding  to  the  sum  will 
be  the  value  of  a".  Then  proceed  as  in  the  last  problem  to  find  the 
values  of  &,  V  g,  c,  c'\  u,  v,  x,  y,  and  k.  The  values  of  g'^  c\  6lc.  need 
not  be  found. 

To  the  logarithm  of  x,  add  sin.  N,  and  call  the  natural  number  corre- 
sponding to  the  sum  z ;  and  to  the  logarithm  of  y,  add  cos.  N,  and  call  the 
natural  number  correspondiDg  to  the  sum,  s'.  Take  the  difierence 
between  x  and  »'  and  call  it  2".  Add  together  the  logarithms  of{k  +  %") 
and  {k — s^')  and  taking  half  their  sum,  it  will  be  the  logarithm  of  an 
affirmative  quantity  h.  To  the  logarithm  of  x,  add  cos.  N,  and  the  sum 
will  be  the  logarithm  of  a  quantity  A';  and  to  the  logarithm  of  y  add  sin. 
N,  and  the  sum  will  be  the  logarithm  of  a  quantity  h".  Take  the  sum  of 
kf  h'  and  h".  Then,  as  n  :  the  sum,  taken  with  a  contrary  sign  : :  60 
minutes  :  an  interval  of  time  U  Attending  to  its  sign,  add  t  to  the  Green- 
trich  time  of  observed  beginning,  as  obtained  with  the  assumed  longitude, 
and  it  will  give  the  corrected  Greenwich  time  of  observed  beginning. 
The  difference  between  the  corrected  Greenwich  time  and  the  mean  time 
at  the  place,  will  be  the  longitude  in  time  ;  to  the  ttest  when  the  observed 
time  is  the  earlier  of  the  two,  but  to  the  east  when  it  is  the  later. 

2.  When  ordy  ike  end  is  observed. 

The  proceeding  is  the  same  as  for  the  beginning,  except  that  in  finding 
t,  instead  of  the  sum  of  A,  A',  and  A",  with  a  contrary  sign,  we  must  take 
the  result  obtained  by  subtracting  the  sum  of  A'  and  A'^  from  A,  and  with- 
out change  of  sign. 

3.  When  the  begimdng  and  end  are  both  observed. 

Find  the  values  off,  for  both  the  beginning  and  end,  and  tsking  half 
their  sum  call  it  i'.  Apply  f  to  the  Greenwich  mean  time,  either  of  the 
beginning  or  end,  as  obtained  with  the  assumed  longitude,  and  it  will  give 
the  corrected  Greenwich.time ;  whence  the  longitude  is  obtained  as  before. 
The  longitude  thus  obtained  is  generally  more  accurate  than  when  Ibuod 
f^om  a  single  observation  of  the  beginning  or  end.  Cohsidering  p'and  ^ 
as  constant  during  the  eclipse,  and  they  vary  but  little,  the  value  of  <'  may 
be  more  concisely  found  as  follows : 
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Find  N  and  n,  with  the  raluee  of  ^  and  <(  at  the  time  of  middle,  and 
regard  them  as  constant.  Find  the  valuer  of  A  at  the  times  both  of  be(;in- 
ning  and  end.  Add  together  the  values  of  x  at  the  times  of  beginning 
and  end,  and  to  the  logarithm  of  the  sum  add'cos  N,  and  call  the  natural. 
Dumber  corresponding  to  the  result.  A'.  Do  the  same  with  the  two  values 
off,  and  ain.  N,  calling  the  quantity  obtained,  A''.  Add  together  A',  K\ 
and  the  value  of  A  at  the  time  of  beginning,  and  subtract  the  sum  from  the 
value  of  A,  at  the  time  of  end.  I'hen,  as  n  :  half  the  remainder  : :  60 
minutes    :  I'.     With  i  proceed  as  above.'"' 

JVote  1.  If  the  longitude  found,  differs  greatly  from  the  assumed  longi-> 
tode,  and  it  is  desiied  to  give  precision  to  the  calculation,  the  operation 
may  be  repeated,  taking  the  longitude  found  for  the  assumed  longitude. 
In  this  case  a  slight  correction  in  the  mean  time  of  observation  may  be 
neeeesary,  as  in  determining  that  time  the  longitude  of  the  place  is  requi- 
site. A  second  calculation  is  sufficient,  even  supposing  the  first  assumed 
longitude  to  differ  several  hours  from  the  truth. 

2.  The  longitude  of  a  place  found  as  above,  from  an  accurately  ob- 
served eclipse  of  the  sun,  when  the  eclipse  is  large  and  the  times  of  both 
beginning  and  end  have' been  obtained,  differs  but  little  from  the  truth. 
It  is  nevertheless  liable  to  an  error  of  some  seconds,  depending  in  part  on 
unavoidable  errors  of  observation,  but  mainly  on  errors  in  the  places,  &c. 
of  the  sun  and  moon,  as  obtained  from  the  tables.  The  differences  in  the 
longitudes  of  places  not  very  remote  from  one  another,  as  obtained  from 

*  It  til  easily  perceived  that  the  values  of  ti  and  0  for  a  given  time  at  any  place  are 
bat  aK^htly  dependent  on  the  longitude  of  the  place,  or  at  least  are  but  slightly  affebted 
by  a  moderate  error  in  the  longitude.  Let  T  be  the  Greenwich  time  corresponding  to 
the  obaenred  time  of  the  beginning  or  end  of  an  eclipse  of  the  son  at  any  place,  as 
obtained  with  the  assumed  longitude,  and  let  T  -f  <  be  the  true  time.  Also  let  the 
valoes  of  p,  f,  and  A,  be  those  which  they  have  at  the  time  T.  Then  the  values  of  p 
and  y  at  the  time  T  -f-  f ,  will  be  p  -|.  p'<  and  q  -f  f(U  Hence  taking  for  u  and  a  their 
valoaa  fbond  for  the  observed  time  of  beginning  or  end,  we  moat  have, 

*«  =  (p  +  p't  -  ti)«  4.  (9  +  9'<  ~  •)«. 
Or  potting  r  ^  p «—  tt  and  y  =:  q —  o,  we  have, 

=::B«4-y8  4-  S/Zxl  -I-  2^y<  +  n«(«. 
ConsequenUy  ^=:?'  +  y!  4.  2x/.  ^  +  Syf  *  -f-  n/« 

=  ^-i^  +  2jrf  cos.  N+  2y/  sin.  N  +  «<». 
11 

Thence  we  readily  obtain, 

,   ajcos.  N  +  y  sin.  N_      ^[it*  4.  (arcos.  N  4.  y  sin.  N)«  — a:«  — y^] 

_      ^[^'  — (j^BJnN  COycos.  N)8] 
"*^  n 

From  this  fi)rmula  the  above  rale  is  easily  deduced. 
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accurate  obseryiitions  of  the  same  eclipse,  are  boweyer  almoat  entirely 
independent  of  t bis  last  source  of  error. 

3.  When  a  table  of  the  values  of  p,  p',  &c.  baa  not  been  previously 
computed,  calculate  the  values  of  p  and  q,  not  only  for  the  Greenwicb 
time  of  observed  beginning  or  end,  but  also  for  a  time  an  hour  later  or 
earlier.  Subtract  the  values  of  p  and  q  at  the  earlier  of  the  two  timea 
repectively  from  their  values  at  the  later,  and  the  remainders  will  be  the 
values  of}/  and  ^.  If  both  the  beginning  and  end  are  observed,  subtract 
the  xalue  of  p  at  the  beginning,  from  its  value  at  the  end.  Then,  as  tbe 
duration  of  the  eclipse  :  1  hour  ::  tbe  remainder  :  p\  In  like  manner 
q'  may  be  found. 

Ex  AX.  The  observed  beginning  of  tbe  eclipse  of  May  15th,  1836,  at 
Haverford  school,  latitude  40°  T  12^' N.,  and  assumed  longitude  6h. 
1  n.  25  sec.  W.,  was  at  7h.  8m«  24.5  sec.  A.  M.,  mean  time,  and  tbe 
end  at  9  b.  31  m.  47  sec.    Required  tbe  corrected  longitude. 


Beginning,        .... 

h. 
12 

7 

m. 

0 
3 

seo 
0 
24.5 

m. 

32 

0 

Interval  in  mean  time,     - 

4 

56 

35.5 

•«        "  sidereal  time,    • 

Sidereal  time  at. mean  noon,  Greenwich,  tab. 
Add  for  assumed  diff.  long.      - 

4 

57 

d. 
14 

24.22 

h. 
3 
0 

sec. 
57.98 
49.52 

Sid.  time  at  mean  noon  at  Haverford  school, 
Interval  in  aid.  time,  subtract 

3 
4 

33 

57 

47.60 
24.22 

Remainder, 

22 

36 

23.28 

z 

Observed  beginning,  Haverford  time. 
Assumed  diff.  of  long.,  add       - 

339° 

fa.   m. 

19    3 

5     1 

5'     49" 

sec 

24.5 
26 

Greenwich  time 


15      0     4    49.5 


For  this  time  we  have,  from  the  values  found  in  prob.  XXXVII, 
L'  «  54°  37'  34",  p  —  —  10.3550,  ^  «  +  3.6961,  and  R  =  2.9162. 
We  have  also  for  tbe  time  of  middle  |/  a  +  5.085  and  ^'  s  +  0.51 1. 


P' 


log.  9.70842 
Ar.  Co.  *'  9.29371 


f  log.  0.70629 

N  Ar.  Co.  COS.  0.00218 


Nbs  +  5°  44'  18"  tan.  9.00213    n  < 


:  5.11 1      0.70847 
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For  the  ht.  40''  1'  12"  and  i »  fS""  ST  44's  we  find, 
Log.  A  a  0.40699,   Log.  B  »  0.88473,   Log.  O  — 0.48477  si,  and 

/=a  +  6.8677. 


Log.  A  0.40699 

COS.  9.76261         L 


Log.  A  0.40699 
sin.  9.91137 


aa  +  1.4743  0.16860         a"  »  +  2.077 


0.31736 


Log.  B  0.88473 
Z  — L'  «  284^  28'  16"  sin.  9.98600  n  Z  — L' 


Log.  B  0.88473 
COS.  9.39774 


h   n  — 7.4266 


0.87073  » 


fc'«4.1.916   0.28247 


Log.  6  0.48477  n   «  »  —  6.8206 
Bin.  9.66241  n   v  »  +  6.9671 


g»+ 1.0894       0.03718 
log.  C  9.07906 

c  =  + 0.1307       9.11623 
log.  G"  10.14999 


tf"»4.  0.186 


9.26622 


«»_  4.5344 

y  —  — 3.2610 
£  a  4.18 

ib»  6.6292 


X 

N 


log.  0.6666211 
810.  8.99994 


N 


log.  0.61336  n 
9.99782 


z   »  ^0.4634 
«'  =  _  3.2447 


9.66646  fi    «'«— 3.2447    0.611 17  n 


a"«  +  2.7913 


k  +  z"m^  8.4206 
*—«"■=  2.8379 


A  a  +  4.8883 


log.  0.92633 
*«  0.46300 


2)1.37833 


0.68916 


Z,  at  time  of  beginning 

Change  during  2  h.  28  m.  22.6  sec. 

Z,  at  time  of  end 


Greenwich  time  of  beginning 
Duration 

Greenwich  time  of  end 


339*     6'    49" 
37     11.  43 

16     17     32 

b.  m.  sec. 
0  4  49.5 
2     28     22.6 

2     33     12 
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For  this  time  we  have, 
U  «  64^  43'  32'/,  p  «  +  2,22b0,  j  «  +  4.9601,  R  —  2.9 179. 

Log.  A  0.40599  Log.  A  0.40599 

L'  -        -     COS.  9.76164        U       -        -    fiia.  9.91190 


a  =  +  1.4707  0.16753         a"  «  +  2.079         0.31789 

Log.  B  0.88473  Log.  B  0.88473 

Z  —  U  «  321*»  34'  0"     sin.  9.79351  n     Z  —  L*  cos.  9.89396 

J  «.  — 4.7669  0.67824  «  ft' «  + 6.007      0.77868 

Log.  G  0.48477  n      «  =  —  3.3990 
Z       -         -         -     sin.  9.44799  ©«  + 6.0111 


:^»  — 0.8566  9.93276  n 

log.  C  9.07906  a;  =  +  6.6190 

(•»  — 0.1028  9.0118111  y  =  — 0.0510 

log.  C"'  10.14999  E-7.94 

c"b— 0.145  9.16180n  A;  a  6.6136 

-    log.  0.74966         y        -  -    log.  8.70767 « 

N            -        sin.  8.99994          N  -        cos.  9.99782 


X 


s  s  +  0.6618         9.74960  «'  =  —  0.0607         8.70639  n 

-j'rs— 0.0507 


»'  =  +  0.6125  it  +  «"=  6.2261         log.  0.79422 

jt  —  «"=  5.0011  "     0.69907 


2)1.49829 
A  a  +  6.6801  0.74664 

X,  at  beg.  =—4.5344  y,  at  beg.  =»— 3.2610 

or,  "  end  =+5.6190  y,  •<    end  =s— 0.0510 

Sum     B+ 1.0846  log.  0.03527      Sum     >■— 3.3120  log.  0.62009 n 
N  cos.  9.99782  N        -        -    sin.  8.99994 


A' =  +  1.0792      0.03309  A"  =.—0.3312  9.62003  Ji 

r^a  — 0.3312      , 
h,  at  beg.  »  +  4.8883 

Sum  >B  +  6.6363 
h  at  end    =  +  6.6801 


Rem.  ■■  —  0.0562 


iRcm.«— 0.0281 
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ID. 

sec. 

6.111   :  —0.0281   ::  60  ! 

1—19.8 

d.      h. 

m. 

sec. 

Greenwich  time  of  beg. 

15      0 

4 

49.5 

Correction          -        .        -        - 

— 

19.8 

Greenwich  time,  corrected 

15      0 

4 

29.7 

Observed  time     .        -         -         . 

14     19 

3 

24.6 
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Long.  Haverford  school*  -        -  6     1       6.2  W. 

PROBLEM  XXXIX. 
To  caHculaU  an  OccuUatum  of  a  fixed  star  by  the  Moon,  for  a  given  piace. 

Let  A  =  moon's  right  ascension,  A'  a  star's  apparent  right  ascension, 
D  BB  moon's  declination,  D'  a  star's  apparent  decHnation,  v  a  moon's 
equatorial  horizontal  parallax,  Z  a  right  ascension  of  the  zenith  of  the 
place,  and  put, 

10  (A  —  A')  cos  D       ,          10  (D  —  D') 
p  =  — i. i ,  and  q  ■»  — ^ '. 

Also  let  T  be  the  mean  time  of  conjunction  of  the  moon  and  star  io 
right  ascension,  taken  to  the  nearest  whole  hour.  Calculate  the  values 
of  p  and  g,  for  the  time  T,  and  also  for  a  time  an  hour  later  or  earUeTf 
according  as  the  time  T,  is  before  or  after^  the  time  of  conjunction. 
Subtract  the  Yalue  of  p  at  the  earlier  of  the  two  times,  from  its  value  at 
the  later,  and  the  remainder  will  be  the  vafiie  of  p'.  Do  the  same  with 
the  ralues  of  g.  to  obtain  q\ 

Find  the  Yalues  of  log.  B  and  log.  F,  for  the  given  place,  by  prob. 
XXXIII.  To  log.  F,  add  cos.  D\  and  the  sum  will  be  the  logarithm  of 
a  constant  quantity/. 

Find  the  value  of  Z  for  the  time  T,  as  in  proh.  XXXIV.  P\]t  ti  a  B 
sin.  (Z  —  A'),  b"  «  B  cos.  (Z  —  A'),  ^' « ti  sin  EK,  and  g  =  6"  sin.  IV, 
.and  find  the  values  of  u,  b'\g'  and  g.  Subtract^  from/" and  the  remain- 
der will  be  the  value  of  v.  With  b"  and  g\  respectively  as  arguments, 
find  from  table  LXXIII,  the  values  of  u^  and  v\  taking  both  from  the 
column  for  «'.    Then,  taking  the  values  of  p  and  q  at  the  time  T,  and 

*  From  an  article  by  S.  C.  Walker,  in  the  journal  of  the  Franklin  Institate  for 
August  1836,  in  which  he  has  given  the  resolta  of  a  number  of  calculations,  founded 
on  observations  of  this  eclipse  in  Philadelphia,  it  appears,  that  assaminjf  5  h.  0  m. 
40860.  W.,  to  be  the  correct  longitude  of  Philadelphia,  the  longitudes  of  places  in  its 
vicinity,  obtained  from  observations  of  the  beginning  and  end  of  the  eclipse,  require  to 
be  increased  by  11.04  sec,  on  account  of  errors  in  the  tabular  places,  &.C.,  of  the  sun 
and  moon.  Applying  this  correction  to  the  longitude  obtained  in  the  text,  it  will  give 
for  the  longitude  of  Haverford  school,  according  to  the  given  observations,  5  h.  1  m. 
16.2  sec.  W. 
46 
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putting  xs=p — ti,   y^q  —  »,  x' »  p'  —  u\  and  y'^^  —  r*,  find 

n]  ==  Vx'»  +  y'«,  A  =:  ^^  "^^^  ,    in  =  ^a!«  +  y»_  *,  and  V  = 


IB 


^7.43  —  m*.  The  quantities  tn  and  A',  may  be  considered  constant. 
Take  n  i  h  ::  1  hour  :  an  interval  t.  Then  will  T  —  the  the  appioxi- 
mate  time  of  the  middle  of  the  occultation.  Call  this  time  T'.  Take 
n  :  A'  : :  ^1  hour  :  an  interval  f.  Then  will  T'  —  t'  and  T'  +  <',  be  the 
approximate  times  of  beginning  and  end. 

Takinsr  now  T^  to  stand  for  the  approximate  time  of  beginning,  find 
for  this  time  the  vahjes  of  j/,  ^,  and  Z,  as  in  prob«  XXXIV,  and  the 
values  of  a:,  y,  ar*,  y',  and  n,  as  above.  Find,  also,  A"  «.  ^?"+^Hm». 
Take  n  :  A"  — A'  : :  1  hour  :  an  interval  f.  Then  will  ^  +  <"  be  the 
corrected  time  of  beginning. 

Taking  T  to  stand  for  the  approximate  time  of  end,  proceed  in  the 
same  manner  to  find  the  corrected  time,  except  that  (A'  — A'')  is  to  be 
used  instead  of  (A''  —  A'),  in  finding  tf\ 

With  the  values  of  «»  v,  a;,  and  y,  at  the  approximate  time  of  beginning, 
or  with  their  values  found  by  proportion  for  the  corrected  time  of  begin- 
ning, find  the  arc  Y,  as  in  prob.  XXXIV.  The  arc  V  will  designate  the 
place  of  the  first  contact,  in  reference  to  the  moon's  vertex,  as  seen 
through  a  telescope  that  inverts.  A  similar  procesd  will  give  the  apparent 
place  of  contact  at  the  end. 

Note,  If  in  any  case  it  is  required  to  give  great  precision  to  the  cal« 
culation,  the  values  of  p  and  q  should  be  computed  by  the  formula  given 
in  the  next  problem. 

Exam.  Let  it  be  required  to  calculate  for  Greenwich,  latitude  51°  28' 
39"  N.y  the  occultation  of  t,  Leonis,  of  Jan.  7th,  1 836,  having  given  the 
following  data  taken  from  the  Nautical  Almanac. 


h. 

m. 

sec. 

Mean  time  of  conjunc.  in  right  ascen.                 12 

12 

17 

Star's  apparent  right  ascen.         -        -         -     10 

23 

26.39 

Moon's  right  ascen.  at  12  h.             -        -         10 

23 

1.27 

•*          '•        "      atl3h.        .        -        •     10 

25 

3.92 

Star's  apparent  declination,      -        -        -         14° 

58' 

38.8" 

Moon's  declin.        at  ]2h.          -        •        -     15 

35 

27.1 

*»          «*              "  13h.      -        -        .         15 

23 

38.4 

**  equat.  hor.  par.  at  12  h. 

56 

3.6 

i«     "        «      «i         13  h. 

56 

4.8 

Sidereal  time  at  mean  noon,  19  b.  4  m.  22.41  sec. 

Taking  T  =  12  h.  we  have,  at  time  T, 
A  —  A'=  —  25. 12  sec.  «  (in  arc),  —  377",  D  —  D'-36'  48"  ->  2208". 
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?r =3369.5"  1  +  Ar.  Co.  log.  7.47321     «-  1  + Ar.  Co.  log.  7.47321 
A—A'      -        -        -        -     log.  2.57634n  D—  D'  log.  3.34400 

D  ...         COS.  9.98372  ^ 

j«  + 6.566  0.81721 


p  =  _  i.OfcO    -         -         -     0.03327  n 

At  time  T+  1. 
A  —  A' «  (in  arc),  +  1463",  D  —  IV  =»  1500". 

«-  =  3365"  1+ Ar.  Co.  log.  7.47301  «-  1  +  Ar.  Co.  log.  7.47301 
A— A'     .    -    .  log.  3.16524  D  — ly      log.  3.17609 

D    -    .    -    COS.  9.98413  

g=.  + 4.468     0.64910 


p  =  +  4.192           0.62238  «  «  +  6.565 
p«— 1.080  

p'«  +  5.27 

By  prob.  XXXIII,  we  find  log.  B  »  0.795,  and  log.  F  »  0.891. 

Log.  F  0.891 
D'        •        -        -        -    cos.  9.986 

/«+7.52      -         -         -        0.876 
At  time  T=  12  A. 
Z  — A' -310°  44' 

Log.  B  0.795  Log.  B  0.795 

Z— A'      -        -    sin.  9.880n    Z— A'  cos.  9.815 

«  «  —  4.73  0.675  n         V  =  +  4.07  0.610 

ly  sin.  9.413  D'  sin.  9.413 


^'  B  —  1 .22  0.088  n         ^  «  +  1  05  0.023 

u  =  +  6.47,     ti'  =»  +  1.06     X  =  +  3.65     x*  =  +  4.21 
t/-s  — 0.32     y=  +  0.09     y'«— 1.79 

«'  Mq,  17.72  X7i  +  yy'        +  15.21 

y  *«.  J^       *« S "4:57  •  +  ^•^^• 

n  »  4.67     9q.  20.92 

X  ^.  13.32  7.43 

V  9q.     0.01  m  9q.  2.24 

13.33  A' =  2.28       €q.  5.19 

A  «(j[.  11.09 

~  m.  ro. 

m  «9.     2.24  4.57  :   4-  3.33  : :  60  :  I  s=  +  44 

4.57  :        2.28  :  :  60  :  l'«       30 
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h«  m. 

T»  12  0 

«s    0  44 


T'  ss  1 1     16  a=  approz.  time  ot  middle. 
f==    0    30 


T'  —  t  tsslQ    46  Bs  approz.  time  of  beginning. 
T'  +  «'  =  1 1     46  —      "        "         end. 

Taking  bow  T'  =  10  h.  46  m.,  we  have, 
p=s  — 7.58,g«  +  9.16  and  Z  —  A'«  292^  10'. 

Log.  B  0.796  Log.  B  0.796 

Z  — A'  sin.  9.967  n     Z  — A   •  coe.  9.677 


tt « _  6.78  0.762  n        V'=  +  2.86  0.372 

D'  sin.  9.413  D'  sin.  9.413 

^  =  —  1.60  0.176n        ^«  +  0.61  9.786 

i>«+6.91,    t<'=:+0.62  a?=  — 1.80    0^=  +  4.66 

«'=_0.39  y=+2.26    y'^  — 1.72 

x'  sq.  21.62  X  sq.  3.24 

y'  sq.     2.96  y  gq.  6.06 


n==  4.96         sq.  24.68  8.30 

m  sq.  2.24 

ra:2.46        sq.  6.06 
A'  =  2.28 

r  — A'=  +0.18 

4.96  :  +0.18  : :  60  :  <"=  +  2.2. 

h.    m. 
T  +f'=^  10  48.2  ==:  corrected  time  of  beginning 

Taking  T'  »  11  h.  46  m.,  we  have, 
p=i  — 2.31,    5«+7.06,    Z— A' —  307°  13' 

Log.  B  0.796  Log.  B  0.796 

Z  — A'  sin.  9.901  fi     Z  — A'  cos.  9.781 


tt  =  — 4.97  0.69611  ft"  — +  3.77        0.676 

ly  sin.  9.413  D'  sin.  9.413 

^—  —  1.28  0.109  n  gm:^  —  0.91         9.989 
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V  .  +  6.66,    tt'  =1  +  0.98    X-  +  2.66    jr'  «  +  4.29 
v'  =  —  0.33    y  =  +  0.60    y'  —  —  1.78 


of     - 

-    *g.  18.40 

x     - 

.     *5.  7.08 

y      .     . 

«^.     3.17 

y 

9q.  0.25 

n  —  4.64 

sq.  21.67 

7.33 

m    - 

-     #^.  2.24 

A"  «  2.26 

sq,  6.09 

h'  »2.28 

A'— A"  «  + 0.02 
4.64  :   +0.02  : :  60  :  <"  =  +  0.3 

h.     m. 
T'  +  t"  n  1 1  46.3  «  corrected  time  of  end. 

At  10  h.  48.2  m. 

«=-  — 1.63     ;     tt  —  — 6.76     ;     P=a— 36.7^ 
y«:  +  2.19     ;     y  =  +  6.90     ;     Q«  — 39.8 

Hence,  V  »  3.1^,  to  the  east. 
At  lib.  46.3m. 

«»+2.68     ;     «=-  — 4.97     ;     P  =- +  79.6^ 
y«+0.49     ;    « =»  +  6.66     ;     Q«  — 37.1 

Hence,  V  »  116.7,°  to  the  east. 

PROBLEM  XL. 

To  fad  the  longUude  rfa  place  from  an  observed  oecubation  of  a  fixed 
etar  by  the  moon. 

Let  A,  A^  D,  ly,  «-,  Z,  «,  v,  x  and  y  represent  the  same  quantities  as 
in  the  last  problem,  k  »  2.726,  and  put, 

10  sin  ( A  — A')  cos  D 

pmm i— : i 

sm  «r 


8in(D  — D')  ,    .       .    ..        .,.    .    ^, 
r ^  +  i  p  Sin  (A  —  A  )  sin  D . 


10__ 
sin 


Then  finding  the  values  of  p  and  q  from  these  expressions  and  the 
Talues  of/,  ti,  b'\  g'  g,  o,  x.  and  y^  as  in  the  last  problem,  proceed  as  in 
prob.  XXXYIII,  except  that  p^  should  be  corrected  by  subtracting  from 
it  the  product  of  0.0007  by  b'\  and  ^,  by  subtracting  from  it  the  product 
of  0.0007  by  ^'. 

When  both  the  beginning  and  end  are  observed  and  the  calculation  is 

Digitized  by  VjOOQ IC 


366 


ASTRONOMY. 


made  by  the  second  method,  take  for  the  correction  of  |/,  the  product  of 
0.0007  by  half  the  sum  of  the  values  of^'  at  the  beginning  and  end;  and 
in  like  manner  for  the  correction  of  q\ 

Note,  When  there  is  reason  to  believe  the  estimated  longitude  is 
nearly  correct,  the  corrections  of  j/  and  ^  may  be  omitted.  In  this  case 
the  values  of  I/'  and  g'  need  not  be  found,  and  the  value  of  g  will  be  at 
once  obtained  from  the  expression  g  »  B  cos.  (A  —  A')  sin.  D'. 

Exam.  Suppose  the  observed  immersion  of  t,  Leonis,  on  Jan.  Ithf 
1836,  at  a  place  in  latitude  dZ""  8^  28"  N.,  estimated  longitude  0  h.  1  m. 
W.,  was  at  10 h.  45m.  53.3 sec,  mean  time;  required  the  longitude, 
having  given  the  following  data,  obtained  from  the  Nautical  Almanac. 

D  =o  14^68' 39"  N. 

h.     m.      sec. 
At  Greenwich  time  10    46     63.3  «  T, 


A  — A'. 


43'  41.6"       ;  D  — D'  =  +  61'  6.4"  ;  «■  -  66'  1.9" 


IT  -  —  16^  49'  44"   N.  ;  Z  —  A'  «  292^  8'  64" 


h. 
11 


m. 
46 


sec. 
53.3. 


And  at  Greenwich  time     11     46    53.3  »  T  +  1, 

A  — A'  —  — 12' 69.1"     ;     D  —  D^  =  +  39' 22.6" 
«-  <«      66     3.2      ;    D  <«  IS^"  38'  1"  N. 

At  time  T. 

1  +  Ar.  Go.  sin.  2.78786        «-       1  +  Ar.  Co.  sin.  2.78786 


A  — A' 
D 

A— A' 
D' 


:  — 7.6022 


sin. 

COS. 


sm. 
sin. 


8.104I2n  D  — D' 
9.98321 

+9.1182 

0.87619  n         +0.0123 

8.1041211  

9.41236     ^=  +  9.1306 


sin.  8.17206 


0.96991 


+  0.0246 


8.39167 


+  0.0123 

At  time  T  +  I. 
«-       1  +  Ar.  Co.  sin.  2.78769         w      I  +  Ar.  Co.  sin.  2.78769 


A  — A' 
D 

p»  — 2.2810 

A  — A' 
D' 

+  0.0022 


sin.  7.6771711  D— D' 

COS.  9.98363 

+  7.0249 

0.3484911  +0.0011 

sin.  7.67717  «  

sin.  9.41236  9  >»  + 7.0260 
^  =0  +  9.1306 


sin.  8.06896 


0.84664 


7.33802 


+  0.0011 


9'»  — 2.104 
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ji  -«  —  2.2310,  at  time  T  +  1, 
|i  —  —  7.6022,      •«      T 


|/— +  6.271 

By  prob.  XXXIII,  we  find  log.  B  »  0.78887  and  log.  F  »  0.G9637, 
and  by  the  last  problem,  we  find/a  -f  7.6920. 


Z  — A' 


Log.  B  0.78887 

sin.  9.96671  n     Z  — A' 


Log.  B  0.78887 
COS.  9.67636 


ttca  — 6.6961  0.76668  n 

ly  sin.  9.41236 


ft". 

ly 


+  2.32   .        0.36622 
sin.  9.41236 


^-—1.47 


0. 16794 n 


+  2.32  X  0.0007  <«  +  0.002 
—  1.47  X  0.0007  «  —  0.001 

f\  corrected  »  +  6.269 
€[        ••  0.-2.103 

-     log.  0.32284  n 
Ar.  Co.     •*     9.27827 


g  BO  +  0.6992 
/«  +  7.6920 

o  s  +  6.9928 


or  a— 1.8061 
y»  +  2.1377 


9.77768 


P' 

N 


-  log.  0.72173 
Ar.  Co.  COS.  0.03209 


N«— 2l«45'29"  tan.  9.60111  « 

fi 

«         -         -         .     log.  0.2667311 

V 

N     ...        sin.  9.66901  n 

N 

:  6.676 


s  ••  +  0.6696  9.82674  «'  =>  +  K9866 

«"  =  «'  —  »=  +  1.3160. 


0.76382 

log.  0.32996 
cos.  9.96791 


0.29786. 


jfc  +  V'=  4.041 
ft— •=  1.409 


log.  0.60649 
'«     0.14891 


«         -         - 

N 

Jk^  =  — 1.6774 


ft  a  +  2.3862 

log.  0.23673  n 
cos.  9.96791 


2)0.76640 
0.37770 


V 

N 


log.  0.32995 
sin.  9.56901  n 


0.22464  R    ft''  a  —  0.7924    9.89896 
ft  +  ft'  +  ft"  —  — 0,0836. 
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m.  see* 

6.675  :  +  0.0836  :  :  60  :   +  63.0 

h.      ID.       B6C. 

Greenwich  time  of  immer.  10    46    63.3 

Correction      -        -        -        .  -f     63.0 


Greenwich  time,  corrected  10     47     46.3 

Observed  time     -        -        -         10    45     53.3 


Longitude  of  place  -        -  1     63  W. 

PROBLEM  XLL 
To  CalctdiOe  a  Transit  of  Mercury. 

For  Greenwich  mean  noon  of  the  day  on  which  the  transit  occurs,  find 
the  sun's  longitude  and  hourly  motion,  and  Mercury's  heliocentric  longi- 
tude.  To  Mercury's  mean  anomaly,  add  lO'  14",  the  mean  hourly  motion 
in  anomaly,  and  the  sum  will  be  the  mean  anomaly,  an  hour  after  noon. 
With  this  anomaly  take  out  again  the  equation  of  the  centre,  and  adding 
10'  14"  to  it,  subtract  from  the  sum  the  equation  of  the  centre  at  noon. 
The  remainder  will  be  Mercury's  hourly  motion  in  longitude,  nearly.  To 
the  sun's  longitude,  add  180®  0'  20",  and  the  sum  will  be  the  earth's  lon- 
gitude. Then,  as  the  diflference  of  the  hourly  motions  of  Mercury  and 
the  Sun  :  the  difference  of  their  longitudes  : :  1  hour  :  an  interval  of 
time.  When  the  earth's  longitude  is  greater  than  Mercury's,  add  this 
interval  to  the  mean  noon  at  Greenwich,  but  when  it  is  Itee^  subtract  the 
interval,  and  the  sum  or  remainder  will  be  the  approximate  time  of  con* 
junction  in  longitude. 

Let  T  be  the  approximate  time  of  conjunction,  taken  to  the  nearest 
whole  hour,  and  t  an  interval  of  two  or  throe  hours.  For  the  times  T  —  t 
and  T  +  <9  find  the  sun's  longitude  and  radius  vector,  Mercury's  helio- 
centric longitude,  latitude,  and  the  radius  vector,  and  thence  the  apparent 
geocentric  longitude  and  latitude.  Take  half  the  sum  of  the  sun's  mean 
anomalies  at  the  times  T  —  t  and  T  +  ^  &nd  it  will  be  the  mean  anomaly 
at  the  time  T.  In  like  manner  find  the  radius  vectors  of  the  earth  and 
Mercury  at  the  time  T.  With  these  find  the  sun's  semidiameter  and 
Mercury's  equatorial  horizontal  parallax  and  the  semidiameter.  Add 
together  the  semidiameters  of  the  sun  and  Mercury,  and  expressing  the 
sum  in  seconds,  call  it  h.  To  the  constant  logarithm  7.95071,  add  the 
logarithm  of  the  sun's  semidiameter,  in  seconds,  and  the  sum,  rejecting 
ten  from  the  index,  will  be  the  logarithm  of  the  sun's  horizontal  parallax. 

Subtract  the  sun*s  longitude  at  the  lime  T  —  <,  from  Mercury's  appa- 
rent geocentric  longitude  at  the  same  time,  and  reducing  the  remainder  to 
seconds,  call  it  p.  Reducing  Mercury's  apparent  geocentric  latitude  at 
the  same  time  to  seconds,  and  marking  it  affirmative  or  negaiwe  according 
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as  it  19  north  or  souihf  call  it  q*.  To  the  difiereDce  between  the 
apparent  geocentric  longitude  of  Mercury,  at  the  limes  T — t  and  T  +  ^ 
add  the  difference  between  the  sun's  longitudes  at  the  same  times,  and 
reducing  the  sum  to  seconds,  and  marking  it  negativey  call  it  p'.  Subtract 
the  ?alue  of  the  apparent  geocentric  latitude  at  the  time  T  —  t^  from  its 
value  at  the  time  T  +  ^  and  reducing  the  remainder  to  seconds,  call  it  ^. 

To  the  logarithm  of  ^,  add  the  arithmetical  complement  of  the  loga- 
rithm ofp',  and  the  sum  will  be  the  tangent  of  an  arc  N,  between  90®  and 
180S  which  must  be  marked  with  the  same  sign  as  q'*  Add  together  the 
logarithm  of  21,  reduced  to  seconds,  the  cosine  of  N,  and  the  arithmetical 
complement  of  the  logarithm  of  p',  and  the  sum,  rejecting  the  tens  from 
the  index,  will  be  the  logarithm  of  a  quantity  n. 

Put  zsspBin  N  and  z*  mm  q  cos.  N,  and  finding  the  values  of  x  and  «', 
take  their  difference  and  call  it  z".  Add  together  the  logarithms  of 
{k  +  %")  and  (k  —  z'%  and  half  the  sooi  will  be  the  logarithm  of  an  affirm* 
ative  quantity  A.  Put  A'  orp  cos.  N,  and  A''  a  q  sin.  N,  and  find  k'  and 
k'\  To  the  logarithm  of  the  sum  of  A,  A'  and  A",  add  the  logarithm  of  n» 
and  the  sum  will  be  the  logarithm  of  an  interval,  in  seconds  of  time, 
which  being  subtracted  from  the  time  T  —  ^  will  give  the  time  of  the  first 
external  contact  as  seen  from  the  earth^s  centre.  Call  this  time  T'. 
Subtract  the  sum  of  hf  and  hf\  from  A,  and  to  the  logarithm  of  the 
remainder  add  the  logarithm  of  n,  and  the  sum  will  be  the  logarithm  of  an 
interval  in  seconds,  which  being  added  to  the  time  T — <,  will  give  the 
time  of  last  external  contact  as  seen  from  the  earth's  centre.  Call  this 
time  T". 

Using  j/  and  tf^  which  are  the  changes  of  the  values  of  p  and  q  in  the 
time  2^,  find  by  proportion  the  values  of  p  and  q,  at  the  times  T'  and  T'^ 

Let  d^i  (T"  —  T'),  expressed  in  seconds,  «-  «=  Mercury's  parallax, 
and  w'  B  sun's  parallax.  Add  together  twice  the  logarithm  of  n,  the 
logarithm  of^  («- — «r'),  and  the  arithmetical  complement  of  the  loga- 
rithm of  d,  and  call  the  sum,  with  10  rejected  from  the  index,  log.  li'. 
Using  the  values  of  p  and  q,  at  the  time  T,  find  the  values  of  e  and  eff 
from  the  expressions,  log.  e  as  log.  p  +  log.  n'  —  10,  and  log.  e'  ■■  log* 
q  +  log.  n' —  10.  With  the  values  of  p  and  g,  at  the  time  T",  find  in 
like  manner  the  values  of  e  and  ^i  for  that  time.  The  values  of  e  and  e' 
will  be  expressed  in  seconds  of  time. 

Let  Z'  be  the  right  ascension  of  the  zenith  of  Greenwich,  Z  the  right 
ascension  of  the  zenith  of  a  given  place,  for  which  it  is  required  to  calcu- 
late the  effects  of  parallax  in  changing  the  times  of  contact,  I,  the  longi- 
tude of  the  place  from  Greenwich,  affirmative  when  easty  but  negative 
when  toe<<,  l!\  a  correction  in  seconds,  to  be  svbtracted  from  the  time  T', 
or  added  to  the  time  T",  to  obtain  the  time  of  contact  at  the  given  place, 


*  When  the  eun'i  plaoe  is  found  from  complete  tables  in  which  its  latitode  is  given, 
q  shouM  be  taken  equal  to  the  difierence  of  the  latitudes  of  Mercury  and  the  sun. 
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and  let  D,  L',  ti,  and  v,  represent  the  same  quantities  aa  lo  prob.  XXXIV* 
Then  D  =.  Z'  —71  +  Z,  and  Z  «  L'  +  ^ 

With  the  values  of  ZS  and  L'  found  for  each  of  the  times  T'  and  T", 
find  the  values  of  D  and  Z  at  these  times,  and  thence  by  prob.  XXXIY, 
the  values  of  ti  and  v.  Then  using  the  values  of  the  quantities  corres- 
ponding to  either  of  the  times  T  or  T",  the  value  of  t\  the  correction 
for  that  time,  will  be  equal  to  the  sum  of  the  products  of  e  by  n*  and  e' 
by  r. 

Taking  p  and  9,  instead  of  x  and  y,  the  place  of  contact  with  reference 
to  the  sun's  vertex  may  be  found  in  the  same  manner  as  for  an  eclipse  of 
the  sun. 

Note*  1.  To  find  the  times  of  internal  contact  take  A: » to  the  differ- 
ence of  the  semidiameters  of  the  Sun  and  Mercury,  and  with  «"  and  this 
value  of  Kr,  find  h^  as  in  the  rule.  To  the  logarithm  of  the  difference 
between  the  true  values  of  &,  add  the  logarithm  of  n,  and  the  sum  will  be 
the  logarithm  of  an  interval  of  time,  in  seconds,  which  being  added  to  the 
time  of  the  first  external  contact  and  subtracted  from  the  time  of  the 
second,  will  give  the  times  of  the  internal  contacts. 

2.  A  transit  of  Venus  may  be  calculated  in  a  similar  manner.  Table 
LXVII,  contains  the  heliocentric  longitudes  and  latitudes  and  the  radios 
vector  of  Venus  at  the  times  of  the  next  two  transits. 

Exam.  It  is  required  to  calculate  the  transit  of  mercury  that  will  occur 
on  the  8ih  of  May,  1 845,  and  to  find  the  effect  of  parallax  in  changing 
the  times  of  ingress  and  egress,  for  Philadelphia. 

The  sun's  long*  at  Greenwich  mean  noon  is  47°  42'  47'' 

«     earth's        *'            "            *«  227     43       7 

Mercury's  helio.  long.            ....  227      5      7 

Sun's  hourly  motion  in  long.       ...  2  ^5 

Mercury's        "        «  7  19 

b.    b.    m. 

4'  64"  :  38'  0"  :  :   1   :  7     46 

Hence  the  time  of  conjunction  in  long,  is  7h.  46  m.  P.  M.,  nearly. 
Taking  T  to  denote  the  8th  day  at  8  h.,  let  <  =  3  h. 
For  the  time  T  —  «,  we  find, 

Sun's  longitude 47*  54'.  61" 

Mercury's  app.  geoc.  longitude     -        -        -        48       6     36 

"  •'        "      latitude  -        -  7     1 1  S. 

Earth's  or  sun's  radius  vector  1.01012 

Mercury's  «  "  0.45357 

For  the  time  T  +  <, 

Sun's  longitude, 48°     9'   20" 

Mercury's  app.  geoc.  longitude    -        -        -        47    67     29 

'<  '<        '*      latitude  *        *        -  11     33  8. 

Earth's  radius  vector  1 .0 1 0 1 8 

Mercury's  »      "  0.45423 
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We  fiod  for  the  time  T,  or  without  sensible  error,  during  the  transit. 
Sun's  semidiameter         ....    961.8" 

**     bor.  parallax      -        -         -        -  8.6 

Mercury's  semidiameter  -        -        -        6.8 

••     bor.  parallax      -        -        •        -  16.4 

We  also  readily  obtain,  p"  =  —  1416''  and  ^  =:  —  262". 
j'         -        •         «     log.  2.4 1830  It         2<  a  21600"'       log.  4.33446 
jf    -           Ar.  Co.     «<     6.8492411         N         -        -    cos.  9.99268  it 
p"  Ar.  Co.  log.  6.84924  ii 


X^  —  M\f^       UW  %J\t       Mill.  «7.«U  IWt 

At  time  T- 
p  =  +  704"  and  q 
p    -    -    -  log.  2.84767 
N             -    •    sin.  9.26022  n 

n   -    -    log.  1.17637 

-1. 

«  — 431" 

q            .    .  log.  2.63448  ii 
N   -    •    COS.  9.9926811 

s«~  128.2        2. 10779  It 

Jfc=  967.6  »"h 

*+«"=  1609.6 
k—s^'=    406.6 

*"  «  +  423.8      2.62716 

»  +  662.0. 

-  log.  3.17886 
•«  2.60810 

2)6.78696 

A=  +  782.6   - 

p    .    .    .  log.  2.84767 
N     .    .    COS.  9.99268  n 

2.89348 

q           -    .  log.  2.63448  n 
N   -    .    sin.  9.26022  n 

A'=»— 692.2        2.84026  n 

*+*'+*"  =+168.8  log.  2.22737  A- 
n   -    -  log.  1.17637 

r=  +78.6       1.89470 

-(A'+r)=+ 1396.2  log.  3.14496 
It    •    .  log.  1.17637 

T 


+  2634  sec.    3.40374 

42  m.  14  sec. 
6h.     0        0 


+20967  sec.    4.32132 

6h.  49  m.  17  sec. 
T  — 1=6        0         0 


17      46 


T"=10      49 


17 


d  =  i  (T"-r.T')«  1 1746  sec. 
At  time  T. 
p^  +  870,    g  ==  — 400)    Z'  =  1 10^  47',    L'  =*  47*^  63', 
D  =  62^  64'  +  i,    and  Z  =  110^  47'  +  L 
At  time  T" 
p  «  —  669,    q  =  —686,     Z'  =  208^  66',     L'  =  48°  9', 
D  =  160**  47'  + 1,     and  Z  =  208°  66'  +  /. 
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log.  1.17637 
2 


2.36274 

tV  («-  —  «-')  =  0.69"  log.  9.83886 

d  =  11746        Ar.  Co.     *•     6.93016 


log.n'  8.12174 
At  time  T' 
p       -        -        -    log.  2.93962        ^      .        .        .    log.  2.60206  ii 
log.  n'  8.12174  log.  n'  8.12174 

e  »  +  1 1.61  sec.  1.06126        e' «  —  6.29  sec.  0.72380  ii 

At  time  T". 
p        .         .         .     log.  2.82643  n         q  -         -     log.  2.83669  n 

log.it'  8.12174  log.  fi'  8.12174 


en  —  8.86  sec.  0.947 1 7  n         e'  «  —  9.07  sec.        0.96743  n 

To  find  a  and  log.  C,  by  prob.  XXXIV,  take  L'  «  48''  1',  the  mean  of 
its  values  at  T  and  T".  . 

>  For  Philadelphia. 

Log.  A  0.406  C  log.  9.317 

V  COS.  9.826         L'  cos.  9.826 


aa  +  2.04  0.231  Log.  C  9.143 

At  time  T'. 

Log.  B  0.886  Log.  G  0.486  n 

D  «  S47o  44'        sin.  9327  n        Z  »  36"^  37'         sin.  9.766 


6«s-.1.63  0.212  ^B— 1.78  0.260n 

log.  C  9.143 

c-s  — 0.26  9.393  » 

tt  =  a  +  6  +  c=+0.16        V  «/+  g^  +  4.08 

t"^eu  +  e'v  =  —36.2  sec. 

Time  of  first  contact  at  Philadelphia,  4  h.  18  m.  21  sec. 
At  time  T\ 

Log.  B  0.886  Log.  G  0.486  n 

D  =  86**  37'        sin.  9.999        Z  «  133^  46'  sin.  9.869 

6  =  +  7,66  0.884        ^  =  —  2.2 1  0,344  ii 

log.  C  9.143 

c»  — 0.31  9.487  ft 
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«  »  +  9.39         vmB  —  8.65 
t"  =  ett  +  e'©  =  —  116.2  sec.  =  1  m.  66.2  sec. 
Time  of  last  contact  at  Pbiladelpbia»     10  h.  47  m.  21  sec. 
At  time  T'. 

p    '        -         -     log.  2.940         «...    log.  9.204 
q  Ar.  Co.     "     7.398  n     v  Ar.  Co.     "     9,389 


P  «  +  1 14.7''    Uq.  10.338  n     Q  =»  +  2.3''  tao.  8.5.93 

V«sQ—P  =  ^112.4° 
In  like  manner  we  find  at  time  T", 

V«  +  113.1° 

Reducing  the  times  to  Philadelphia  time  we  ha  ire, 

h.    m.    sec. 
First  contact,  at     11     17    41  A.  M.  mean  time 
Last      *«        "        6    46     41  P.  M.     «*        •« 

First  contact,  II 2.4°,  from  vertex  to  the  east, 
Last      "         113.1       "        "        "      west, 

SCHOLIUM.  The  corrections  of  the  times  of  contact  on  account  of 
parallax,  obtained  as  above,  may  be  regarded  as  very  nearly  true.  But 
the  times  of  contact  obtained  for  the  earth^s  centre,  and  consequently 
those  for  a  given  place,  cannot  be  depended  on  as  equally  correct ;  as  an 
error  of  three  or  four  seconds  in  the  longitude  of  the  sun  or  Mercury, 
may  produce  an  error  of  a  minute  in  time. 


THE   END. 
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TABLE  I. 


Latitudes^  and  Longitudes  from  the  Meridian  of  Greenwich^  ofwmt 
eiiief^  and  other  conspicuous  places. 


Names  of  Places. 


Latitude. 


Longitude 
in  Degrees. 


Longitude 
in  Time. 


Albany,  Capitol^ 
Altona,  Ofn^ 
Amsterdam, 
Baltimore,  B,  Mon% 
Berlin,  Ob$^ 

Boston,  State  Hm§e, 

Brest,  Ob§,^ 

Canton, 

Cape  G.  Hope,  (^^ 

Charleston,  CoU^ 

Charlottesville,  Univers.^ 
Cincinnati, 
Copenhagen,  Obs., 
DabUn,  Ok$^ 
Edinburgh,  Obs^ 

Gotha,  Seebtrg  Ob$., 
Gottingen,  Obt., 
Greenwich,  Obs^ 
Konigsberg,  Obt^ 
Lancaster, 

London,  St,  PauVs  Ch., 
Marseilles,  Oba^ 
Milan,  O&s., 
Naples,  O^., 
New  Haven,  Colh^ 

New  Orleans,  C.  Hall, 
New  York,  C.  fla/i, 
Palermo,  06»., 
Paramatta,  Oba, 
Paris,  Ob$^ 

Petersburg^h,  OJs., 
Philadelphia,  lnd*ee  H. 
Pittoburgh, 
Point  Venus, 
Princeton,  C&fl., 

Providence,  l/hivers., 
Quebec,  Castle, 
Richmond,  Capitol, 
Rome,  5*.  Peter's  Ch^ 
Savannah,  Exch^ 

Stockholm,  Obs^ 
Turin,  06s., 
'\^enna,  Obs^ 
Wardhus, 
Washington,  Capitol, 


New  York, 

Denmark, 

Holland, 

Maryland, 

Grermany, 

Mass'ts, 

France, 

China, 

Africa, 

S.  Carolina, 

Virginia, 

Ohio, 

Denmark, 

Ireland, 

Scotland, 

Germany, 

Germany, 

England, 

Prussia, 

Penn., 

England, 

France, 

Italy, 

Italy, 

Connecticut, 

Louisiana, 
New  York, 
Italy, 
New  Hoi, 
France, 

Russia, 
Penn., 
Penn., 
OUheite, 
New  Jersey, 

Rhode  Isl., 
L.  Canada, 
Virginia, 
Italy, 
Georgia, 

Sweden, 
Italy, 
Austria, 
Lapland, 
Dist.  Colnm., 


42  39  aN. 
53  32  45K. 
52  22  30N. 
39  17  13N. 

52  31  13N. 

42  21  15N. 
48  23  32N. 
23  8  9N. 
33  56    3S. 

32  47    ON. 

38  2    3N. 

39  5  54N. 
55  40  53N. 

53  23  13N. 
55  57  20N. 

50  56   5N. 

51  31  48N. 
51  28  39N. 

54  42  50N. 

40  2  36N. 

51  30  49N. 

43  17  50N. 

45  28    IN. 

40  51  47N. 

41  17  58N. 

29  57  45N. 
40  42  40N. 

38  6  44N. 

33  48  50S. 
48  50  13N. 

59  56  31N. 

39  56  59N. 

40  26  15N. 
17  29  21S. 

40  22     N. 

41  49  25N. 

46  49  12N. 

37  32  17N. 
4154  8N. 
32   4  56N. 

59  20  31N. 
45  4  6N. 
48  12  35N. 
70  22  36N. 

38  52  54N. 


73  44  45W. 
9  56  45E. 
4  53  16E. 

76  37  50W, 
13  23  52E. 

71  4   9W. 

4  29  25W. 
113  16  54E. 

18  28  45E. 

80  0  52W. 

78  31  29W. 
84  24   OW. 

12  34  57E. 

6  20  30W. 
3  10  54W. 

10  44    6E. 

9  56  37E. 

0    0    0 
20  30    7E. 

76  20  33W. 

0    5  47W. 

5  22  15E. 
9  11  48E. 

1415   4E. 

72  57  46W. 

90    6  49W. 

74  1    8W. 

13  21  24E. 
151    134E. 

2  20  24E. 

3019    OE. 

75  10  59W. 

79  58    6W. 
149  28  55W. 

74  35      W. 

71  25  56W. 
7116    OW. 

77  26  28W. 
12  27    5E. 

81  7   9W. 

18   3  34E. 

7  42  6E. 
16  23  OE. 
31  7  54E. 
77    148W. 


h.  m.  sec. 

4  54  59 
0  39  47 
0  19  33 

5  6  31 

0  53  35.5 

4  4416.6 
0  17  58 

7  33  8 
113  55 

5  20    3 

5  14   6 
5  37  36 
0  50  19.8 
025  22 
0  12  43.6 

0  42  56.4 
0  39  46.5 
0   0    0 
122   0.5 

5  522 

0  0  23 
0  2129 
0  36  47 
0  57  0 
4  5151 

6  0  27 
4  56    4 

0  53  25.6 


4    6 
9  21.6 


2  116 
5  0  40 
5  19  52 
9  57  56 

4  58  20 

445  44 
445   4 

5  9  46 
0  49  48 
52429 

112  14 

0  30  48.4 

1  532 

2  432 
5    8    7 
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TABLB  II. 


Mean  Asironomical  RrfradionM, 


Ap.Alt. 

Refr. 

Ap.Alt. 

Refr. 

h' 

Alt 

Refr. 

Ap.Alt 

Refr. 

Oo  0' 

33'  0" 

4°  0 

ir  51" 

u 

90' 

4'  16" 

45  0' 

0'  57" 

0  5 

32  10 

4  10/ 

11  29 

12 

40 

4  9 

46  0 

0  55 

0  10 

31  22 

4  20 

11   8 

13 

0 

4  3 

47  0 

0  53 

0  15 

30  35 

4  30 

10  48 

13 

80 

3  57 

48  0 

0  51 

0  20 

29  50 

4  40 

10  29 

13 

40 

3  51 

49  0 

0  49 

0  25 

29  6 

4  50 

10  11 

14 

0 

3  45 

50  0 

0  48 

0  30 

28  22 

5  0 

9  54 

14 

20 

3  40 

51  0 

0  46 

0  35 

27  41 

5  10 

9  38 

14 

40 

3  35 

52  0 

0  44 

0  40 

27  0 

5  20 

9  23 

15 

0 

3  30 

53  0 

0  43 

0  45 

26  20 

5  30 

9  8 

15 

30 

3  24 

54  0 

0  41 

0  50 

25  42 

5  40 

8  54 

16 

0 

3  17 

55  0 

0  40 

0  55 

25  5 

5  50 

8  41 

16 

30 

3  10 

56  0 

0  38 

1  0 

24  29 

6  0 

8  28 

17 

0 

3  4 

57  0 

0  37 

1  5 

23  54 

6  10 

8  15 

17 

30 

2  59 

58  0 

0  35 

1  10 

23  20 

6  20 

8  3 

18 

0 

2  54 

59  0 

0  34 

1  15 

22  47 

6  30 

7  51 

18 

30 

2  49 

60  0 

0  33 

1  20 

22  15 

6  40 

7  40 

19 

0 

2  45 

61  0 

0  31 

1  25 

21  44 

6  50 

7  30 

19 

30 

2  39 

62  0 

0  30 

1  30 

21  15 

7  0 

7  20 

20 

0 

2  35 

63  0 

0  29 

1  35 

20  46 

7  10 

7  11 

20 

30 

2  31 

64  0 

0  28 

1  40 

20  18 

7  20 

7  2 

21 

0 

2  27 

65  0 

0  26 

1  45 

19  51 

7  30 

6  53 

21 

30 

2  24 

66  0 

0  25 

1  50 

19  25 

7  40 

6  45 

22 

0 

2  20 

67  0 

0  24 

1  55 

19  0 

7  50 

6  37 

23 

0 

2  14 

68  0 

0  23 

2  0 

18  35 

8  0 

6  29 

24 

0 

2  7 

69  0 

0  22 

2  5 

18  11 

8  10 

6  22 

25 

0 

2  2 

70  0 

0  21 

2  10 

17  48 

8  20 

6  15 

26 

0 

1  56 

71  0 

0  19 

2  15 

17  26 

8  30 

6  8 

27 

0 

1  51 

72  0 

0  18 

2  20 

17  4 

8  40 

6  1 

28 

0 

1  47 

73  0 

0  17 

2  25 

16  44 

8  50 

5  55 

29 

0 

1  42 

74  0 

0  16 

2  30 

16  24 

9  0 

5  48 

30 

0 

1  38 

75  0 

0  15 

2  35 

16  4 

9  10 

5  42 

31 

0 

1  35 

76  0 

0  14 

2  40 

15  45 

9  20 

5  36 

32 

0 

1  31 

77  0 

0  13 

2  45 

15  27 

9  30 

5  31 

33 

0 

1  28 

78  0 

0  19 

2  50 

15  9 

9  40 

5  25 

34 

0 

1  24 

79  0 

0  11 

2  55 

14  52 

9  50 

5  20 

35 

0 

1  21 

80  0 

0  10 

3  0 

14  36 

10  0 

5  15 

36 

0 

1  18 

81  0 

0  9 

3  5 

14  20 

10  15 

5  7 

37 

0 

1  16 

82  0 

0  8 

3  10 

14  4  ' 

10  30 

5  0 

38 

0 

1  13 

83  0 

0  7 

3  15 

13  49  1 

10  45 

4  53 

39 

0 

1  10 

84  0 

0  6 

3  20 

33  34 

11   0 

4  47 

40 

0 

1   8 

85  0 

0  5 

3  25 

13  20 

11  15 

4  40 

41 

0 

1  5 

86  g 

87  0 

0  4 

3  30 

13  6 : 

11  30 

4  34 

42 

0 

1  3 

0  3 

3  40 

12  40 

11  45 

4  29 

43 

0 

1  1 

88  0 

0  2 
0  1 

3  50 

12  15 

12*  0 

4  23 

44 

0 

0  59 

89  0 
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TABLB  HI. 


Mean  Nmo  Moon$  and  Argmment$,  in  Janaary. 


Mean  New 

Moaain 

1. 

II, 

III. 

IV. 

N. 

January. 

A«D. 

D.  H.  M. 

1891 

2  17  59 

0092 

7859 

80 

78 

823 

lfld2 

21  15  32 

0602 

7182 

78 

66 

930 

1823 

11  020 

0304 

5787 

61 

55 

953 

1824  B. 

28  21  53 
li  6  41 

0814 

5110 

59 

43 

060 

1825 

0516 

3716 

42 

32 

063 

1826 

7  15  30 

0218 

2321 

25- 

21 

105 

1827 

26  13  3 

0728 

1644 

24 

09 

213 

1828  B. 

15  21  51 

0430 

0250 

07 

98 

235 

1829 

4  6  40 

0131 

8855 

90 

87 

257 

1830 

23  4  12 

0642 

8178 

88 

75 

365 

1881 

12  13  1 

0343 

6784 

71 

64 

387 

1832  B. 

1  21  50 

0045 

5389 

54 

53 

409 

1833 

19  19  22 

0555 

4712 

53 

42 

517 

1834 

9  4  11 

0257 

3318 

36 

31 

539 

1835 

28  1  43 

0768 

2641 

34 

19 

647 

1836  B. 

17  10  32 

0469 

1246 

17 

08 

669 

1837 

5  19  20 

0171 

9852 

00 

97 

692 

1838 

24  16  53 

0681 

9175 

99 

85 

799 

1839 

14  1  42 

0383 

7780 

82 

74 

822 

1840  B. 

3  10  30 

0085 

6386 

65 

63 

844 

1841 

21  8  3 

0595 

5709 

63 

51 

951 

1842 

10  16  51 

0297 

4314 

•  46 

40 

974 

1843 

29  14  24 

0807 

3637 

44 

28 

081 

1844  B. 

18  23  13 

0509 

2243 

28 

17 

104 

1845 

7  8  1 

0211 

0848 

11 

06 

126 

1846 

26  5  34 

0721 

0171 

09 

94 

234 

1847 

15  14  22 

0423 

8777 

92 

84 

256 

1848  B. 

4  23  11 

0125 

7382 

75 

73 

278 

1849 

22  20  43 

0635 

6705 

73 

61 

386 

1850 

12  5  32 

0337 

5311 

56 

50 

408 

1851 

1  14  21 

0038 

3916 

40 

39 

431 

1852  B. 

20  11  53 

0549 

3239 

38 

27 

538 

1853 

8  20  4Si 

0251 

1845 

21 

16 

560 

1854 

27  18  14 

0761 

1168 

19 

04 

668 

1855 

17  3  3 

0463 

9773 

02 

93 

690 

1856  B. 

6  11  51 

0164 

8379 

85 

82 

713 

1857 

24  9  24 

0675 

7702 

84 

70 

820 

1858 

13  18  13 

0376 

6307 

67 

59 

843 

1859 

3  3  1 

0078 

4913 

50 

48 

865 

1860  B. 

22  0  34 

0588 

4236 

48 

36 

972 

1861 

10  9  22 

0290 

2840 

31 

25 

995 

1862 

29  6  55 

6800 

2163 

.  30 

14 

102 

1863 

18  15  44 

0504 

0769 

13 

03 

125 

1864  B. 

8  0  32 

0204 

9374 

96 

92 

147 

1865 

25  22  5 

0714 

8698 

94 

80 

256 

3866 

15  6  53 

0416 

7303 

77 

69 

277 

1867 

4  15  42 

0118 

5909 

60 

58 

299 

1868  B. 

23  13  14 

0628 

5231 

59 

46 

407 

1869 

11  22  3 

0330 

3837 

42 

35 

429 

1870 

1  6  51 

0032 

2442 

25 

24 

451 
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TABLE  IV. 


JMbsan  LutmtkmB  and  Change  in  Argume9t§. 


Nam. 

Lunations. 

I. 

II. 

in. 

IV. 

N. 

D.  H.  M. 

i 

14  18  22 

404 

5359 

58 

50 

43 

1 

29  12  44 

808 

717 

15 

99 

85 

a 

59  1  28 

1617 

1434 

31 

96 

170 

3 

88  14  12 

2425 

2151 

46 

97 

256 

4 

118  2  56 

3234 

2869 

61 

96 

341 

5 

147  15  40 

4042 

3586 

76 

95 

426 

6 

177  4  24 

4{>51 

4303 

92 

95 

511 

7 

206  17  8 

5659 

5020 

.7 

94 

566 

8 

236  5  52 

6468 

5737 

22 

93 

622 

9 

265  18  36 

7276 

6454 

37 

92 

767 

10 

295  7  20 

8085 

7171 

53 

91 

852 

U 

324  20  5 

8893 

7889 

68 

90 

937 

12 

354  8  49 

9702 

8606 

83  • 

89 

22 

13 

383  21  33 

510 

9323 

96 

88 

108 

TABLE  V. 


Number  of  Day »  from  the  commencement  of  the  year 
to  the  first  of  each  month. 


Months, 

Com. 

Bis. 

Days. 

Days. 

January, 

0 

0 

February,  - 

31 

31 

March.  .  . 

59 

60 

April,  -  - 

90 

91 

May,  -  - 

120 

121 

June,  -  - 

151 

152 

July,   -  - 

181 

182 

August,   - 

212 

213 

September, 

243 

244 

October,  - 

273 

274 

November, 

304 

305 

December, 

•334 

335 
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TABLE  VI. 


BfuOwnsfor  New  and  Futt  Moon. 


Arg. 

I. 

11. 

Arg. 

1. 

II. 

Arg. 

III. 

IV. 

Arg. 

H.M. 

H.  M. 

H.  M 

H.M. 

M. 

M. 

000 

4  20 

10  10 

5000 

4  20 

10  10 

35 

3 

31 

25 

100 

4  36 

9  36 

5100 

4  5 

10  50 

36 

3 

31 

24 

200 

4  52 

9  2 

5200 

3  49 

11  30 

27 

3 

30 

23 

300 

5  8 

8  28 

5300 

3  34 

12  9 

28 

3 

30 

22 

400 

5  24 

755 

5400 

3  19 

13  48 

29 

3 

30 

21 

500 

5  40 

7  23 

5500 

3  4 

13  36 

30 

3 

30 

20 

600 

5  55 

6  49 

5600 

2  49 

14  3 

31 

3 

n 

19 

700 

6  10 

6  17 

5700 

2  35 

14  39 

32 

4 

18 

800 

624 

5  46 

5800 

3  21 

15  13 

33 

4 

29 

17 

900 

6  38 

5  15 

5900 

2  8 

15  46 

34 

4 

39 

16 

1000 

6  51 

4  46 

6000 

1  55 

16  18 

35 

4 

39 

15 

1100 

7  4 

4  17 

6100 

1  43 

16  46 

36 

5 

28 

14 

1300 

7  15 

3  50 

6200 

1  31 

17  16 

37 

5 

28 

13 

1300 

7  27 

3  24 

6300 

1  19 

17  43 

38 

5 

27" 

12 

1400 

7  87 

3  59 

6400 

1  9 

18  6 

39 

5 

27 

11 

1500 

7  47 

235 

6500 

0  59 

16  38 

40 

6 

26 

10 

1600 

7  55 

2  14 

6600 

0  50 

18  48 

41 

6 

26 

9 

1700 

8  3 

1  53 

6700 

0  43 

19  6 

42 

7 

25 

8 

1800 

8  10 

1  35 

6800 

0  34 

19  31 

43 

7 

25 

7 

1900 

8  16 

1  18 

6900 

0  28 

19  33 

44 

7 

24 

6 

2000 

8  21 

1  3 

7000 

0  32 

19  44 

45 

8 

23 

5 

2100 

8  25 

0  51 

7100 

0  17 

19  52 

46 

8 

23 

4 

2200 

8  29 

040 

7200 

0  14 

19  57 

47 

9 

22 

3 

2300 

8  31 

032 

7300 

0  11 

30  0 

48 

9 

31 

3 

2400 

833 

0  25 

7400 

0  9 

30  1 

49 

10 

31 

1 

2500 

8  32 

0  21 

7500 

0  8 

19  59 

50 

10 

20 

0 

2600 

8  31 

0  19 

7600 

0  8 

19  55 

51 

10 

19 

99 

2700 

829 

0  20 

7700 

0  9 

19  48 

52 

11 

19 

98 

2800 

8  26 

023 

7800 

0  11 

19  40 

53 

11 

18 

97 

3900 

8  23 

028 

7900 

0  15 

19  39 

54 

13 

17 

96 

3000 

8  18 

0  36 

8000 

0  19 

19  17 

55 

13 

17 

95 

3100 

8  ]2 

0  47 

8100 

024 

19  3 

56 

13 

16 

94 

3200 

8  6 

0  59 

8200 

0  30 

18  45 

57 

13 

15 

93 

3300 

7  58 

1  14 

8300 

0  37 

18  37 

58 

13 

15 

92 

3400 

7  50 

1  33 

8400 

045 

18  6 

59 

14 

14 

91 

3500 

7  41 

1  52 

8500 

0  53 

17  45 

60 

14 

14 

90 

3600 

7  31 

2  14 

8600 

1  3 

17  31 

61 

15 

13 

89 

3700 

7  21 

2  38 

8700 

1  13 

16  56 

62 

15 

13 

88 

3800 

7  9 

3  4 

8800 

1  25 

16  30 

63 

15 

12 

87 

3900 

6  58 

3  32 

8900 

1  36 

16  3 

64 

15 

12 

86 

4000 

6  45 

4  2 

9000 

1  49 

15  34 

65 

16 

11 

85 

4100 

6  32 

4  34 

9100 

2  3 

15  5 

66 

16 

11 

84 

4200 

6  19 

5  7 

9200 

3  16 

14  34 

67 

16 

11 

83 

4300 

6  5 

5  41 

9300 

3  30 

14  3 

68 

16 

10 

82 

4400 

5  51 

6  17 

9400 

3  45 

13  31 

69 

17 

10 

81 

4500 

5  36 

654 

9500 

9  0 

13  58 

70 

17 

10 

80 

4600 

5  21 

7  32 

9600 

3  16 

13  35 

71 

17 

10 

79 

4700 

5  6 

8  11 

9700 

3  33 

11  52 

72 

17 

10 

78 

4800 

4  51 

8  50 

9800 

3  48 

11  18 

73 

17 

10 

77 

4900 

4  35 

9  30 

9900 

4  4 

10  44 

74 

17 

9 

76 

5000 

4  20 

10  10 

10000 

4  20  10  10  1 

75 

17 

9 

75 

,gitized  by  Google 


TABLE  VII. 


8un*s  lipachB. 


iTears. 

M.  Long. 

Long.  Perig. 

L 

XL 

m. 

N. 

1821 

9*8^48'  19" 

9*  l^W  43" 

920 

782 

260 

036 

1822 

9  8  34  0 

9  7  51  45 

280 

697 

886 

090 

1823 

9  8  19  40 

9  7  52  47 

640 

612 

511 

143 

1824  B. 

9  9  4  29 

9  7  53  49 

034 

530 

138 

197 

1825 

9  8  50  9 

9  7  54  51 

394 

446 

763 

251 

1826 

9  8  35  49 

9  7  55  52 

754 

360 

388 

304 

1827 

9  8  21  30 

9  7  56  54 

114 

275 

013 

358 

1828  B. 

9  9  6  18 

9  7  57  56 

508 

192 

640 

412 

1829 

9  8  51  59 

9  7  58  58 

868 

107 

265 

466 

1830 

9  8  37  39 

9  8  0  0 

228 

022 

890 

519 

1831 

9  8  23  19 

9  8  12 

588 

937 

515 

573 

1832  B. 

9  9  8  8 

9  8  2  4 

982 

855 

142 

627 

1833 

9  6  53  49« 

9  8  3  6 

342 

770 

767 

681 

1834 

9  8  39  29 

9  8  4  8 

702 

684 

392 

734 

1835 

9  625  9 

9  8  5  10 

062 

600 

017 

788 

1836  R 

9  9  10  6 

9  8  7  2 

45fr 

517 

644 

842 

1837 

9  855  46 

9  8  8  3 

816 

432 

269 

895 

1838 

9  8  41  57 

9  8  9  4 

176 

347 

894 

949 

1839 

9  6  27  7 

9  6  10  6' 

536 

262 

519 

003 

1840  6. 

9  9  11  56 

9  8  11  8 

930 

180 

146 

056 

1841 

9  8  57  37 

9  8  12  9 

290 

095 

771 

110 

1842 

9  8  43  17 

9  8  13  11 

650 

009 

397 

164 

1843 

9  8  28  9 

9  8  14  12 

010 

925 

021 

218 

1844  B. 

9  9  13  47 

9  8  15  14 

404 

843 

648 

272 

1845 

9  6  59  27 

9  8  16  16 

764 

767 

273 

325 

1846 

9  8  45  8 

9  8  17  17 

124 

673 

897 

379 

1847 

9  8  30  48 

9  8  18  19 

484 

588 

623 

433 

1848  B. 

9  9  15  37 

9  8  19  20 

878 

505 

151 

487 

1849 

9  9  1  17 

9  8  20  22 

238 

420 

776 

540 

1850 

9  8  46  58 

9  8  21  23 

598 

336 

400 

594 

1851 

9  8  32  39 

9  8  22  24 

958 

250 

025 

648 

1852  B. 

9  9  17  27 

9  8  23  26 

353 

168 

653 

701 

1853 

9  9  3  8 

9  8  24  27 

713 

083 

277 

755 

1854 

9  848  48 

9  8  25  29 

073 

998 

902 

809 

1855 

9  8  34  29 

9  8  26  30 

433 

913 

527 

863 

1856  B. 

9  9  19  18 

9  827  32 

827 

832 

153 

916 

1857 

9  9  458 

9  828  34 

187 

746 

779 

970 

1858 

9  8  50  39 
'S  8  36  19 

9  829  35 

547 

661 

404 

024 

1859 

9  8  30  37 

907 

576 

029 

078 

1860  a 

9  9  21  8 

9  8  31  38 

301 

494 

656 

131 

1661 

9  9*B  49 

9  8  32  39 

661 

409 

281 

185 

1862 

9  8  52  29 

9  8  33  41 

021 

324 

906 

239 

1863 

9  8  38  10 

9  8  34  42 

381 

239 

530 

292 

1864  B. 

9  9  22  68 

9  835  44 

775 

157 

157 

346 

1865 

9  9  8  39 

9  836  45 

135 

072 

783 

400 

1866 

9  8  54  20 

9  8  37  47 

495 

986 

408 

453 

1867 

9  8  40  0 

9  6  38  49 

855 

902 

033 

507 

1868  B. 

9  9  24  49 

9  8  39  50 

249 

820 

659 

561 

1869 

9  9  10  30 

9  8  40  52 

609  734  285 

615 

1870 

9  8  56  10 

9841  53. 

969  649  910 

668 

1882 

9  9  1  41 

9  8  54  10 

391  638  416  313  | 
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TABLE  VIH. 


Sun's  MoHansfor  Months, 


ModUm. 

LoDgitade. 

Per. 

1. 

II. 

|III. 

N. 

'"•    j^""- 

Os  (p  (y   0" 

0" 

0 

0 

0 

0 

11  29  0  52 

0 

966 

997 

998 

0 

F*-    a,""- 

1  0  33  18 

5 

47 

78 

53 

4 

0  29  34  10 

5 

13 

75 

51 

4 

March. 

1  28  9  11 

10 

993 

148 

101 

9 

April.  -  .  . 

2  28  42  30 

15 

42 

226 

154 

13 

May.  .... 

3  28  16  40 

20 

59 

301 

206 

18 

June,   ... 

4  28  49  58 

26 

110 

379 

259 

22 

July,  -  -  .  . 

5  28  24  8 

31 

129 

454 

310 

27 

Angnst,  -  .  . 

6  28  57  26 

36 

182 

531 

363 

31 

SBptember,  .  . 

7  29  30  44 

41 

233 

609 

416 

36 

October,   -  . 

8  29  4  54 

46 

250 

684 

468 

40 

November,  .  - 

9  29  38  12 

52 

300 

762 

521 

45 

December,  -  - 

10  29  12  22 

57 

313 

837 

572 

49 

TABLE  IX. 

iSftm'f  Horary  MoHon, 

Argument.    Sun's  Mean  Anomaly. 


0* 

I' 

II» 

III* 

IV* 

V* 

0° 
10 
20 
30 

2'  33" 
2  33 
2  33 
2  32 

2' 32" 
2  32 
2  31 
2  30 

2'  30" 
2  29 
2  29 

2  28 

2' 28" 
2  27 
2  26 
2  25 

2^25" 
2  25 
2  24 
■2  24 

3'  24" 
2  23 
2  23 
2  23 

30O 

20 

10 

XI* 

X' 

IX« 

VIII* 

VII* 

VI« 

0 


TABLE    X. 

Sun^s  Senddiameter. 
Argument.    Sun^s  Mean  Anomaly. 


oo 

10 
20 
30 

0* 

I* 

11* 

III* 

IV* 

V* 

16'  18" 
16  18 
16  17 
16  15 

16'  15" 
16  14 
16  12 
16  9 

16'  9" 
16  7 
16  4 
16  1 

16'  1" 
15  58 
15  56 
15  53 

15' 53" 
15  51 
15  49 

15  48 

15'  48" 
15  46 
15  46 
15  45 

30O 

20 

10 

0 

XI* 

X* 

IX' 

VIII* 

VII* 

VI* 
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TABLE  XI. 


Sun^8  Motianafor  Days  and  Hours. 


Day. 

Longitude. 

Per  I. 

II. 

IIL 

N. 

Hoars. 

Long. 

I. 

1 

0°  O'  0" 

0" 

0 

0 

0 

0 

1 

2'28" 

1 

2 

0  59  6 

0 

34 

3 

2 

0 

2 

4  56 

3 

3 

1  58  17 

0 

68 

5 

3 

0 

3 

7  23 

4 

4 

2  57  25 

0 

101 

8 

5 

0 

4 

9  51 

6 

5 

3  56  33 

1 

135 

10 

7 

1 

5 

12  19 

7 

6 

455  42 

169 

13 

9 

6 

14  47 

8 

7 

5  54  50 

203 

15 

10 

7 

17  15 

10 

8 

6  53  58 

236 

18 

12 

8 

19  43 

11 

9* 

7  53  7 

270 

20 

14 

9 

22  11 

13 

10 

8  52  15 

304 

23 

15 

10 

24  38 

14 

11 

9  51  23 

2 

338 

25 

17 

1 

11 

27  6 

16 

12 

10  50  32 

2 

371 

28 

19 

2 

12 

29  34 

17 

13 

11  49  40 

2 

405 

30 

21 

2 

13 

32  2 

18 

14 

12  48  48 

2 

439 

33 

22 

2 

14 

34  30 

20 

15 

13  47  57 

.2 

473 

35 

24 

2 

15 

36  58 

21 

16 

14  47  5 

3 

506 

38 

26 

2 

16 

39  26 

23 

17 

15  46  13 

3 

540 

40 

27 

2 

17 

41  53 

24 

18 

16  45  22 

3 

574 

43 

29 

2 

18 

44  21 

25 

19 

17  44  30 

3 

608 

45 

31 

3 

19 

46  49 

27 

20 

18  43  38 

3 

641 

48 

33 

3 

20 

49  17 

28 

21 

19  42  47 

3 

675 

50 

34 

3 

21 

51  45 

30 

22 

20  41  55 

4 

709 

5^ 

36 

,3 

22 

54  13 

31 

23 

21  41  3 

4 

743 

55 

38 

3 

23 

56  40 

32 

24 

22  40  12 

4 

777 

58 

39 

3 

24 

59  8 

34 

25 

23  39  20 

4 

810 

60 

41 

4 

26 

24  38  28 

4 

844 

63 

43 

27 

25  37  37 

4 

878 

65 

45 

28 

26  36  45 

5 

912 

68 

46 

29 

27  35  53 

5 

945 

70 

48 

30 

28  35  2 

5 

979 

73 

50 

31 

29  34  10 

5 

13 

75 

51  |4 

Digitized  by  LjOOQ IC 


TABLE  III. 


11 


Sun^9  MoUonsfor  URnutet  and  Seconds, 


wz 

Long.' 

Min. 

LoDg. 

Sec. 

Long. 

Sec. 

Long. 

1 

C  2" 

31 

V  16" 

1 

0" 

r31 

1" 

2 

0  5 

32 

1  19 

2 

0 

32 

3 

0  7 

33 

1  21 

3 

0 

33 

4 

0  10 

34 

1  24 

4 

0 

34 

5 

0  12 

35 

1  26 

5 

0 

35 

6 

0  15 

36 

1  29 

6 

0 

36 

1 

7 

0  17 

37 

1  31 

7 

0 

37 

2 

8 

0  20 

38 

1  34 

8 

0 

38 

2 

9 

0  22 

39 

1  36 

9 

0 

39 

2 

10 

025 

40 

1  39 

10 

0 

40 

2 

U 

0  27 

41 

1  41 

11 

0 

41 

2 

13 

0  30 

42 

1  43 

12 

0 

42 

2 

13 

0  32 

43 

1  46 

13 

43 

2 

14 

0  34 

44 

1  48 

14 

44 

2 

15 

0  37 

45 

1  51 

15 

45 

2 

16 

0  39 

46 

1  53 

16 

46 

2 

17 

0  42 

47 

1  56 

17 

47 

2 

18 

0  44 

48 

1  58 

18 

48 

2 

19 

0  47 

49 

2  1 

19 

49 

2 

20 

049 

50 

2  3 

20 

60 

2 

21 

0  52 

51 

2  6 

21 

51 

2 

22 

0  54 

52 

2  8 

22 

52 

2 

23 

0  57 

53 

2  11 

23 

53 

2 

24 

0  59 

54 

2  13 

24 

54 

2 

25 

1  2 

55 

2  16 

25 

55 

2 

26 

1  4 

56 

2  18 

26 

56 

2 

27 

1  7 

57 

220 

27 

57 

2 

28 

1  9 

58 

2  23 

28 

58 

2 

29 

1  11 

59 

225 

29 

59 

2 

30  '  1  14  1 

60 

2  28 

130 

60 

2 
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TABLE  XIII. 


Equation  of  the  Sun^s  Centre* 
Argument.    Sun's  Mean  Anomaly. 


0« 

i* 

II* 

HI* 

IV' 

V. 

0° 

1059'  30" 

2058'  15" 

304O'  27" 

3054'  50" 

3038-  21" 

2056'  9" 

1 

2  1  33 

3  0  0 

3  41  25 

3  54  47 

3  37  18 

2  54  25 

2 

2  3  37 

3  1  44 

3  42  21 

3  54  41 

3  36  14 

2  52  40 

3 

2  5  40 

3  3  27 

3  43  15 

3  54  33 

3  35  8 

2  50  54 

4 

2  7  43 

3  5  9 

3  44  8 

3  54  23 

3  34  1 

2  49  8 

5 

2  9  46 

3  6  49 

3  44  58 

3  54  11 

3  32  51 

2  47  20 

6 

2  11  49 

3  8  28 

3  45  47 

3  53  57 

3  31  41 

2  45  32 

7 

2  13  51 

3  10  6 

3  46  33 

3  53  41 

3  30  28 

2  43  43 

8 

2  15  54 

3  11  48 

3  47  17 

3  53  23 

3  29  14 

2  41  53 

9 

2  17  56 

3  13  18 

3  48  0 

3  53  3 

3  27  58 

2  40  3 

10 

2  19  57 

3  14  51 

3  48  40 

3  52  40 

3  26  41 

2  38  11 

11 

2  21  58 

3  16  24 

3  49  18 

3  52  16 

3  25  22 

2  36  19 

12 

2  23  59 

3  17  54 

3  49  55 

3  51  50 

3  24  2 

2  34  27 

13 

2  25  59 

2  19  24 

3  50  29 

3  51  21 

3  22  40 

2  32  34 

14 

2  27  59 

3  20  51 

3  51  1 

3  50  51 

3  21  17 

2  30  40 

15 

2  29  58 

3  22  18 

3  51  31 

3  50  18 

3  19  52 

2  28  46 

16 

2  31  57 

3  23  42 

3  51  59 

3  49  44 

3  18  26 

2  26  52 

17 

2  33  55 

3  25  5 

3  52  25 

3  49  7 

3  16  58 

2  24  56 

18 

2  35  52 

3  26  26 

3  52  49 

3  48  29 

3  15  30 

2  28  0 

19 

2  37  49 

3  27  46 

3  53  10 

3  47  49 

3  14  0 

2  21  4 

20 

2  39  45 

3  29  4 

3  53  30 

3  47  7 

3  12  28 

2  19  8 

21 

2  41  40 

3  30  24 

3  53  47 

3  46  22 

3  10  55 

2  17  11 

22 

2  43  34 

3  31  35 

3  54  3 

3  45  36 

3  9  22 

2  15  14 

23 

2  45  28 

3  32  48 

3  54  16 

3  44  48 

3  7  46 

2  13  16 

24 

2  47  20 

3  33  59 

3  54  27 

3  43  58 

3  6  10 

2  11  19 

25 

2  49  12 

3  35  8 

3  54  36 

3  43  7 

3  4  33 

2  9  21 

26 

2  51  2 

3  36  16 

3  54  43 

3  42  13 

3  2  54 

2  7  23 

27 

2  52  52 

3  37  21 

3  54  48 

3  41  18 

3  1  14 

2  5  25 

28 

2  54  41 

3  38  25 

3  54  51 

3  40  21 

2S9  33 

2  3  27 

29 

2  56  28 

3  39  27 

3  54  52 

3  39  22 

2  57  52 

2  i  28 

30 

2  58  15 

3  40  27 

3  54  50 

3  38  21 

2  56  .9 

1  59  30 
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Equations  of  the  Suh'b  Centre. 
Argument.     Sun's  Mean  Anomaly. 


VI* 

VII' 

VIII* 

IX' 

X* 

XI' 

(P 

1^59'  30" 

i<>  2^  5  r 

0^20'  39" 

Oo  4'  10" 

0^18'  33" 

1°  0'  45" 

1 

1  57  32 

1  1  8 

0  19  38 

0  4  8 

0  19  33 

1  2  32 

2 

1  55  33 

0  59  27 

0  18  39 

0  4  9 

0  20  35 

1  4  19 

3 

1  53  35 

0  57  46 

0  17  42 

0  4  12 

0  21  39 

1  6  8 

4 

1  51  37 

0  56  6 

0  16  47 

0  4  17 

0  22  44 

1  7  58 

5 

1  49  39 

0  54  27 

0  15  53 

0  424 

0  23  52 

1  9  48 

6 

1  47  41 

0  52  47 

0  15  2 

0  4  33 

0  25  1 

1  11  40 

7 

1  45  44 

0  51  14 

0  14  12 

0  444 

0  26  12 

1  13  32 

6 

1  43  46 

0  49  38 

0  13  24 

0  4  57 

0  27  25 

1  15  26 

9 

1  41  49 

0  48  5 

0  12  38 

0  5  13 

0  28  40 

1  17  20 

10 

1  39  52 

0  46  32 

0  11  53 

0  5  30 

0  29  56 

1  19  15 

11 

1  37  56 

0  45  0 

0  11  11 

0  5  50 

0  31  14 

1  21  11 

12 

1  36  0 

0  43  30 

0  10  31 

0  6  11 

0  32  34 

1  23  6 

13 

1  34  4 

0  42  I 

0  9  53 

0  6  35 

0  33  55 

1  25  5 

14 

1  32  9 

0  40  34 

0  9  16 

0  7  1 

0  35  18 

1  27  3 

15 

1  30  14 

0  39  8 

0  8  42 

0  7  29 

0  36  42 

1  29  2 

16 

1  28  20 

0  37  43 

0  8  9 

0  7  59 

0  38  9 

1  31  1 

17 

1  26  26 

0  36  20 

0  7  39 

0  8  31 

0  39  36 

1  33  1 

18 

1  24  33 

0  34  58 

0  7  10 

0  9  5 

0  41  6 

I  35  1 

19 

1  22  41 

0  33  38 

0  6  44 

0  9  42 

0  42  36 

1  37  1 

20 

1  20  49 

0  32  19 

0  6  20 

0  10  20 

0  44  9 

1  39  3 

21 

1  18  57 

0  31  2 

0  5  57 

0  11  0 

0  45  42 

1  41  '4 

22 

1  17  7 

0  29  46 

0  5  37 

0  U  43 

0  47  17 

1  43  6 

23 

1  15  17 

0  28  32 

0  5  19 

0  12  27 

0  48  54 

1  45  9 

24 

1  13  28 

0  27  19 

0  5  3 

0  13  13 

0  50  32 

1  47  11 

25 

1  11  40 

0  26  9 

0-4  49 

0  14  2 

0  52  11 

1  49  14 

26 

1  9  52 

0  24  59 

0  4  37 

0  14  52 

0  53  51 

1  51  17 

27 

1  8  6 

0  23  52 

0  4  27 

0  15  45 

0  55  33 

1  53  20 

28 

I  620 

0  22  46 

0  4  19 

0  16  39 

0  57  16 

1  55  23 

29 
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Mean  Obliquity  of  the 
Ecliptic. 
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920 
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NviatUnu. 
Argument.    Supplement  of  the  NcMle,  or  N. 


N. 

hong. 

R.AM. 

ObUq. 

N. 

Long. 

R.A9C. 

Obliq. 

0 

+ 

0" 

+   0" 

+ 

10" 

500 

—  0" 

—  0" 

—  10" 

10 

1 

1 

10 

510 

1 

1 

10 

20 

2 

8 

10 

520 

2 

2 

9 

30 

3 

3 

9 

530 

3 

3 

9 

40 

4 

4 

- 

9 

540 

4 

4 

9 

50 

+ 

6 

+   5 

+ 

9 

550 

—  6 

—  5 

—  9 

60 

7 

6 

'9 

560 

7 

6 

9 

70 

8 

7 

9 

570 

8 

7 

8 

80 

9 

8 

8 

580 

9 

8 

8 

90 

10 

9 

8 

590 

10 

9 

8 

100 

+ 

11 

+  10 

+ 

8 

600 

—  11 

—  10 

—  8 

110 

11 

10 

7 

610 

11 

10 

7 

120 

12 

11 

7 

620 

12 

11 

7 

130 

13 

12 

7 

630 

13 

12 

7 

140 

14 

13 

6 

640 

14 

13 

6 

150 

+ 

15 

+  13 

+ 

6 

650 

—  15 

—  13 

—  6 

160 

15 

14 

5 

660 

15 

14 

5 

170 

16 

14 

5 

670 

16 

14 

5 

180 

16 

15 

4 

680 

16 

15 

4 

190 

17 

15 

3 

690 

17 

15 

3 

200 

+ 

17 

+  16 

+ 

3 

700 

—  17 

—  16 

—  3 

210 

17 

16 

2 

710 

17 

16 

2 

220 

18 

16 

2 

720 

18 

16 

2 

230 

1 

'18 

16 

1 

730 

18 

16 

1 
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18 

16 

1 

740 

18 
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1 
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+ 

18 

+  16 

+ 

0 
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+ 
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— 

3 
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15 
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15 

3 
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16 

15 

4 
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4 
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16 

14 

5 
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16 

14 

5 
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14 

5 

840 
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14 

5 
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+ 

15 
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— 

6 
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13 
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13 

6 
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13 

12 

7 
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7 

880 

12 

11 

7 
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11 

10 

7 

890 

11 

10 
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+ 
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— 

8 
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lO 

9 

8 
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10 

9 

8 
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9 

8 

8 

920 

9 

8 

8 
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8 

7 

9 

930 

8 

7 

9 

440 

7 

6 

9 

940 

7 

6 

9 
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+ 

6 

+  5 

— 

9 

950 

—  6 

—  5 

+  9 

460 

4 

4 

9 

960 

4 

4 

9 

470 

3 

3 

9 
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3 

3 

9 
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2 

10 
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2 

2 

10 
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10 
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1 

10 

500 

+ 
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TABLE  XVII. 


Equation  of  TYiyie,  to  cowoeri  Apparent  inlo  Meen. 
Argument.    3un's  Mean  Longitude.   *' 


0* 

!• 
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V» 

o 
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m.sec. 

m.sec. 

m.sec. 
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0 

+  6  21 
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+  66 

+  2  17 

1 

6  2 

2  6 

3  26 

2  3 

^  6  7 

2  1 

2 

5  43 

2  17 

3  20 
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2  0 
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2  41 
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3  23 
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3  56 
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4  41 
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£j|ftia^afi  of  Time^  to  cotweri  Apparent  into  Mean. 
Argument.    Sun's  Mean  Longitude. 
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12  13 
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22 

14  11 
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9  57 
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Earih^a  Radin$  Vector. 

A&GUMENT.    Sun's  Mean  Anomaly. 
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0.98625 
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25 
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0.98643 
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24 

7 
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23 

8 
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22 

9 
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21 

10 
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20 

11 
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19 

12 
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1.01588 

18 

13 
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1.00394 

1.01149 
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17 

14 

0.98364 

0.98797 

0.99554 

1.00422 

1.01170 

1.01604 

16 

15 

0.98372 

0.98818 

0.99582 

1.00450 

1.01190 

1.01612 

15 

16 

0.98380 

0.98840 

0.99611 

1.00478 

1.01210 

1.01619 

*14 

17 

0.98388 

0.98861 

0.99640 

1.00506 

1.01230 

li)1626 

13 

18 

0.98397 

0.98883 

0.99668 

1.00534 

1.01249 

101632 

12- 

19 

0.98407 

0.98906 

0.99697 

1.00561 

1.01268 

1.01638 

11 

20 

0.98417 

0.98929 

0.99726 

1.00568 

1.01286 

1.01643 

10 

21 

0.98428 

0.98952 

0.99755 

1.00615 

1.01304 

1.01647 

9 

22 

0.98439 

0.98975 

0.99784 

1.00642 

1.01322 

1.01652 

8 

23 

0.98450 

0.98999 

0.99813 

1.00669 

1.01340 

1.01655 

7 

24 

0.98462 

0.99023 

0.99843 

1.00695 

1.01357 

1.01659 

6 

25 

0.98475 

0.99047 

0.99872 

1.00722 

1.013^73 

1.01661 

5 

26 

0.98i83 

0.99072 

0.99901 

1.00746- 

1.01389 

1.01663 

4 

27 

0.96501 

0.99096 

0.99930 

1.00774 

1.01405 

li)1665 

3 

28 

0.98515 

0.99122 

0.99960 

1.00799 

1.01420 

1.01666 

2 

29 

0.98530 

0.99147 

0.99969 

1.00825 

1.01435 

1.01667 

1 

30 

0.98545 

0.99173 

1.00018 

1.00850 

1.01450 

1.01667 

0 

XI' 

X' 

IX* 

vni' 

VII' 

VI' 

PeriurbaHom  cf  Earth's  Radius  Vector* 


Arg. 

I. 

II. 

III. 

Arg. 

I. 

11. 

III. 

0 

8 

4 

3 

500 
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0 

4 

50 

8 
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3 

550 

2. 

1 
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100 

7 

4 

2 

600 

3 

1 

3 

150 

7 

4 

1 

650 

3 

2 

2 

200 

6 

4 

0 

700 

4 

3 

1 

250 

5 

4 
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750 

5 

4 

0 

300 

4 

3 

1 

800 

6 

4 
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350 

3 

2 

2 

850 

7 

4 
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400 

3 

1 

3 

900 

7 

4 

2 

450 

2 

1 

4 
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8 

4 

3 
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2 

0 

4 
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8 
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Mean  Right  AMcentiam  and  DeclinaiianBof  tame  of  the  Fixed  Stare^ 
for  the  banning  of  1820,  with  their  Annual  Variations, 


Names  and  Magnitude. 

Right  Abc. 

An.Var 

An.Var. 

."t 

O      '        " 

// 

O       /       n 

/ 

<t  Polaris,      . 

0  59  35 

4.46.1 

14  10  56N. 

+203 

23 

14  13    7 

^16.4 

88  20  55N. 

-f-19.4 

«  Arietis, 

-       3 

29  15  38 

50.3 

22  36  23N. 

+17.3 

«  Ceti, . 

-2 

43  13    8 

46.7 

3  22  39N. 

+14.5 

^l^ari,  - 

-       2 

62  23  23 

51.0 

15  11    3N. 

+  9.2 

Aldebaran, 

-1 

66  24    0 

51.4 

16    8  19N. 

+  7.8 

Capella, 

-       1 

75  51    7 

66.3 

is  48    8N. 

+  43 

Rigel,        - 

-1 

76  28  21 

51.8 

8  25    2S. 

—  47 

^Tauri,  - 

.       2 

78  43  47 

56.7 

28  26  42N. 

+  3.8 

f  Tauri, 

-3 

81  43  14 

53.6 

21    1  23N. 

+  23 

«  Geminoram, 

.    2.3 

91    0    6 

54.3 

22  32  56N. 

—  0.4 

fd.  Geminoram, 

-3 

93    1    0 

54J> 

22  35  48N. 

—  1.1 

y  Geminoram, 

2.3 

96  49  37 

52.0 

16  32  36N. 

—  23 

Sirias, 

-1 

99  18  18 

39.8 

16  28  33S. 

+  44 

/  Geminoram, 

-      3 

107  20  25 

53.8 

22  18  15N. 

—  &0 

FrocvoD,    . 

1.2 

112  28    2 

47.1 

5  40  46.V. 

—  8.6 

Pollux,  - 

-   2.3 

113  34  16 

55.3 

28  27    7N. 

—  8.0 

«  Leonifl, 

.3 

149  22  33 

49.2 

17  38  ION. 

-173 

Regolus, 

-      1 

149  41  39 

48.1 

12  50  36N. 

—173 

iSVtrsrini^    • 

.3 

175  19  45 

463 

2  46  44N. 

—203 

y  Virginia, 

-      3 

188    8    4 

45.3 

0  27  38a 

+20.0 

A  Virginia,    - 

-  1 

198  55  30 

475 

10  13    5S. 

+193 

Arctorus, 

.      1 

211  51  45 

403 

20    7  28N. 

—193 

«3LibnB,    . 

2.3 

220  14    2 

49.5 

15  17  13S. 

+15.4 

/  Scorpii,  - 

-      3 

237  25  37 

523 

22    5  59S. 

+103 
--103 

a  Soorpii,      . 

-  2 

238  44  48 

52.0 

19  18  13S. 

Antarea, 

.      1 

244  35  49 

54.9 

26    1  21S. 

..a7 

dtLyne, 

-  1 

277  42  37 

30.4 

38  37  19N. 

+  23 

0-  Sagittarii, 

-  23 

281    1  28 

55.8 

26  30  34S. 

-3.7 

r  Sagittarii, . 

-  3 

284  45  47 

53.5 

21  18    OS. 

—  5.0 

A  1  Caprioorni, 

.   34 

301  54  56 

50.0 

13    3  22S. 

—105 

A  2  Capricorni, 

.  3 

302    0  53 

50.0 

13    5  33S. 

—10.8 

^  Capricorni, 

.      3 

302  43  18 

50.6 

15  20  29S. 

—103 

y  Capricorni, 

3.4 

322  31  32 

50.0 

17  28  lOS. 

—153 

/  Capricorni, 

-      3 

324  16  24 

49.8 

16  56  16S. 

—16.0 

1     Foroalhaat, 

-  1 

341  55  14 

50.1     30  34  25S.  | 

-183 
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TABLE  XX. 


MwfCn  Epochs* 


Years. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1821 

0027 

8365 

5389 

1368 

6970 

7714 

6319 

7024 

7800 

1822 

0020 

5573 

5054 

6112 

9441" 

3512 

7380 

9481 

6664 

1823 

0012 

2782 

4720 

1)856 

1913 

9309 

8440 

1938 

5528 

1824  B. 

0033 

0640 

5426 

5887 

4720 

5478 

9559 

4787 

4417 

1825 

0026 

7849 

5092 

0631 

7192 

1276 

0619 

7243 

3380 

1826 

0018 

5057 

4758 

5375 

9663 

7073 

1680 

9701 

2144 

1827 

0011 

2265 

4424 

0119 

2135 

2871 

2740 

2158 

1008 

1828  B. 

0032 

0124 

5129 

5150 

4942 

9040 

3859 

5007 

9896 

1829 

0024 

7332 

4795 

9894 

7414 

4837 

4919 

7463 

8760 

1830 

0017 

4541 

4461 

4638 

9885 

0635 

5979 

9921 

7603 

1831 

0010 

1749 

4127 

9381 

2357 

6432 

7040 

2378 

6487 

1832  B. 

0030 

9607 

4833 

4412 

5164 

2601 

6158 

5226 

5376 

1833 

0023 

6816 

4499 

9156 

7636 

8399 

9219 

7683 

4239 

1834 

0016 

4024 

4164 

3900 

0107 

4196 

0279 

0140 

3103 

1835 

0009 

1232 

3830 

8644 

2579 

9993 

1340 

2598 

1967 

1836  B. 

0029 

9091' 

4536 

3675 

5386 

0163 

2458 

5446 

0856 

1837 

0022 

6299 

4202 

8419 

7858 

1960 

3518 

7903 

9719 

1838 

0015 

3508 

3868 

3163 

0329 

7757 

4579 

0360 

8583 

1839 

0008 

0716 

3534 

7907 

2801 

3555 

5630 

2818 

7447 

1840  B. 

0028 

8575 

4239 

2938 

5608 

9724 

6758 

5666 

6335 

1841 

0021 

5783 

3906 

7682 

8080 

5522 

7818 

8123 

5199 

1842 

0014 

2991 

3571 

2425 

0551 

1319 

8879 

0580 

4062 

1843 

0007 

0200 

3237 

7169 

3023 

7116 

9939 

3038 

2926 

1844  B. 

0027 

8058 

3943 

2200 

5830 

3286 

1058 

5886 

1815 

1845 

0020 

5266 

3609 

6944 

8302 

-9083 

2118 

8343 

0678 

1846 

0013 

2475 

3275 

1688 

0773 

4880 

3179 

0800 

9542 

1847 

0006 

9683 

2941 

6432 

3245 

0678 

4239 

3257 

8406 

1848  fi. 

0026 

7542 

3646 

1463 

6052 

6847 

5358 

6106 

7295 

1849 

0019 

4750 

3312 

6207 

8524 

2644 

6418 

8563 

6158 

1850 

0012 

1958 

2978 

0951 

0995 

8442 

7479 

1020 

5022 

1851 

0005 

9167 

2644 

5695 

3467 

4239 

8539 

3477 

3885 

1852  B. 

0025 

7025 

3350 

0726 

6274 

0408 

9658 

6326 

2774 

1853 

0018 

4233 

3016 

5469 

8746 

0206 

0718 

8782 

1637 

1854 

0011 

1442 

2681 

0213 

121  r 

2003 

1778 

1240 

0501 

1855 

0004 

8650 

2347 

4957 

3689 

7801 

2839 

3697 

9365 

1856  B. 

0024 

6509 

3053 

9988 

6496 

3970 

3957 

6546 

8254 

1857 

0017 

3717 

2719 

4732 

8968 

9767 

5018 

9002 

7117 

1858 

0010 

0925 

2385 

9476 

1439 

5565 

6078 

1460 

5981 

1859 

0003 

8134 

2051 

4220 

3911 

1362 

7139 

3917 

4845 

1860  B. 

0023 

5992 

2756 

9251 

6718 

7531 

8257 

6765 

3734 

1861 

0016 

3200 

2423 

3995 

9190 

3329 

9317 

9222 

2597 

1862 

0009 

0409 

2088 

8739 

1661 

9126 

0378 

1679 

1461 

1863 

0002 

7617 

1754 

3483 

4133 

4923 

1438 

4137 

0324 

1864  B. 

00^ 

5476 

2460 

8514 

6941 

1093 

2557 

6984 

9212 

1865 

0015 

2684 

2126 

3257 

9412 

6890 

3617 

944S 

8076 

1866 

0008 

9893 

1792 

8001 

1883 

2687 

4678 

1899 

6940 

1867 

0001 

7101 

1457 

2745 

4355 

8485 

5738 

4357 

5804 

1868  B. 

0021 

4959 

2163 

7776 

7163 

4654 

6857 

7204 

4692 

1869 

0014 

2168 

1829 

2520 

9634 

04^2 

7917 

9662 

3556 

1870 

0007 

9376 

1495 

7264 

2105 

6249 

8978 

2119 

2420 
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Years. 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

036 

20 

1821 

620 

917 

842 

142 

979 

067 

923 

331 

134 

036 

1822 

226 

278 

562 

615 

172 

208 

282 

684 

609 

090 

203 

1823 

833 

639 

281 

088 

366 

3*48 

641 

036 

084 

143 

369 

1824  B. 

509 

030 

070 

595 

659 

519 

037 

431 

585 

197 

537 

1825 

116 

391 

790 

068 

853 

659 

397 

783 

060 

251 

703 

1826 

722 

752 

510 

541 

047 

800 

756 

136 

536 

304 

869 

1827 

329 

113 

229 

014 

241 

940 

115 

488 

Oil 

358 

036 

1828  B. 

005 

505 

019 

521 

533 

111 

511 

883 

512 

412 

204 

1829 

6J2 

866 

738 

994 

727 

251 

871 

235 

987 

466 

370 

1830 

219 

226 

458 

468 

921 

392 

230 

588 

462 

519 

536 

1831 

825 

587 

177 

940 

115 

532 

589 

940 

937 

573 

703 

1832  B. 

502 

979 

967 

447 

408 

704 

9h<5 

335 

438 

627 

871 

1833 

108 

340 

687 

920 

602 

844 

345 

688 

913 

681 

037 

1834 

715 

701 

406 

393 

796 

984 

704 

040 

388 

734 

203 

1835 

321 

061 

125 

866 

989 

124 

063 

393 

863 

788 

370 

1836  B. 

998 

453 

915 

373 

282 

296 

459 

787 

364 

8^ 

538 

1837 

605 

814 

635 

846 

476 

436 

819 

140 

840 

895 

704 

1838 

211 

175 

354 

319 

670 

576 

178 

492 

315 

949 

870 

1839 

818 

536 

074 

792 

864 

716 

537 

845 

790 

003 

037 

1840  6. 

494 

927 

863 

299 

157 

888 

933 

239 

291 

056 

205 

1841 

101 

288 

583 

772 

351 

028 

293 

592 

766 

110 

371 

1842 

707 

649 

302 

245 

544 

168 

652 

944 

241 

164 

537 

1843 

314 

010 

022 

718 

738 

308 

012 

297 

716 

218 

704 

1844  B. 

990 

402 

811 

225' 

031 

480 

407 

691 

217 

272 

872 

1845 

597 

763 

531 

698 

225 

620 

767 

044 

692 

325 

038 

1846 

203 

123 

250 

171 

419 

760 

126 

396 

167 

379 

204 

1847 

810 

484 

970 

644 

6ia 

901 

486 

749 

643 

433 

371 

1848  B. 

486 

876 

759 

151 

905 

072 

881 

143 

144 

487 

539 

1849 

093 

237 

479 

624 

099 

212 

241 

496 

619 

540 

705 

1850 

700 

597 

199 

097 

293 

352 

600 

848 

094 

594 

871 

1851 

306 

958 

918 

570 

487 

493 

960 

201 

569 

648 

038 

1852  B. 

983 

350 

707 

077 

780 

664 

355 

595 

070 

701 

206 

1853 

589 

711 

427 

550 

974 

804 

715 

948 

545 

755 

372 

1854 

196 

072 

147 

023 

168 

944 

074 

300 

020 

809 

539 

1855 

802 

432 

866 

496 

361 

085 

434 

653 

495 

863 

705 

1856  R 

479 

824 

656 

003 

654 

256 

829 

047 

996 

916 

873 

1857 

066 

185 

375 

476 

848 

396 

189 

400 

471 

970 

039 

1858 

692 

546 

095 

949 

042 

537 

548 

752 

947 

024 

206 

1859 

299 

907 

814 

422 

236 

677 

908 

105 

422 

078 

372 

1860  B. 

975 

298 

604 

929 

529 

848 

303 

499 

923 

131 

540 

1861 

581 

669 

323 

402 

723 

988 

662 

852 

398 

185 

706 

1862 

187 

020 

042 

875 

916 

129 

021 

304 

873 

239 

«73 

1863 

794 

381 

761 

348 

110 

269 

381 

557 

348 

S9S 

039 

1864  B. 

470 

773 

551 

855 

403 

440 

777 

951 

849 

346 

307 

1865 

077 

134 

271 

328 

597 

580 

136 

304 

324 

400 

373 

1866 

684 

494 

990 

801 

791 

721 

495 

657 

799 

458 

540 

1867 

290 

855 

710 

274 

985 

861 

855 

009 

274 

507 

707 

1868  B. 

967 

247 

500 

781 

277 

032 

251 

404 

775 

561 

874 

1869 

573 

608 

219 

254 

471 

172 

610 

756 

251 

615 

040 

1870   J 

180 

968 

939 

727 

665 

313 

969 

1  109 

726 

668 
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TABLB  XX. 
JUbon'f  Bpocht. 


Yeart. 

EvectioD. 

Aoomaly. 

Variation. 

Longitude. 

16S1 

1*19043'  47" 

8*  9054' 17" 

10*330  4'  2>r 

8.  30  r  41" 

1823 

7  10  15  16 

11  8  37  37 

3  1  41  27 

0  11  30  46 

1823 

1  0  46  45 

3  7  20  57' 

7  11  18  51 

4  30  53  51 

1824  B. 

7  2  37  15 

5  19  8  11 

0  3  7  43 

9  13  37  31 

1825 

023  844 

8  17  51  31 

4  12  45  7 

1  33  50  37 

1826 

6  13  40  14 

11  16  34  50 

822  22  32 

6  3  13  49 

1827 

0  4  11  44 

3  15  18  10 

1  1  59  56 

10  11  36  47 

1828  B. 

6  6  2  13 

5  37  5  24 

5  23  48  49 

3  4  10  37 

1829 

11  26  33  43 

8  25  48  44 

10  3  26  13 

7  13  33  32 

1830 

5  17  5  12 

U  24  32  4 

2  13  3  38 

U  33  56  37 

1831 

U  7  36  41 

2  23  16  34 

6  22  41  3 

4  3  19  43 

1832  B. 

5  9  27  11 

6  5  2  38 

11  14  29  54 

834  53  33 

1833 

10  29  58  40 

9  3  45  58 

3  24  7  20 

1  4  16  38 

1834 

4  20  30  11 

0  3  99  18 

8  3  44  44 

5  13  39  33 

1835 

10  11  1  40 

3  1  13  38 

0  13  22  9 

933  338 

1836  B. 

4  12  52  9 

6  13  59  53 

5  5  11  0 

9  15  36  19 

1837 

10  8  23  39 

9  11  43  13 

9  14  48  26 

6  34  59  34 

1838 

3  23  55  9 

0  10  36  33 

1  24  25  50 

11  4  33  39 

1839 

9  14  26  38 

3  9  9  53 

6  4  3  15 

3  13  45  35 

1840  B. 

3  16  17  8 

6  30  57  7 

10  35  53  8 

8  6  19  15 

1841 
18^ 

9  6  48  37 

9  19  40  37 

3  5  39  33 

0  15  49  31 

2  27  20  7 

0  18  33  47 

7  15  6  57 

4  35  5  36 

1843 

8  17  51  37 

3  17  7  7 

11  34  44  23 

9  4  28  31 

1844  B. 

2  19  42  7 

6  28  54  33 

4  16  33  14 

1  37  9  19 

1845 

8  10  13  36 

9  37  37  43 

8  36  10  39 

6  6  95  17 

1846 

2  0  45  6 

0  36  31  3 

1  5  48  4 

10  15  48  93 

1847 

7  21  16  35 

3  25  4  23 

5  15  35  39 

3  35  11  38 

1848  B. 

1  23  7  5 

7  6  51  37 

10  7  14  21 

7  17  45  8 

1849 

7  13  38  35 

10  5  34  57 

2  16  51  46 

11  27  8  14 

1850 

1  4  10  4 

1  4  18  18 

6  26  29  11 

4  6  31  20 

1851 

6  24  41  35 

4  3  1  38 

U  6  6  36 

8  15  54  35 

1852  B. 

0  26  32  5 

7  14  48  53 

3  27  55  29 

1  8  28  6 

1853 

6  17  3  34 

10  13  32  13 

8  7  33  53 

5  17  51  11 

1854 

0  7  35  4 

1  12  15  34 

0  17  10  19 

9  37  14  17 

1855 

5  28  6  33 

4  10  58  54 

4  36  47  43 

9  6  37  32 

1856  B. 

11  29  57  3 

7  22  46  9 

9  18  36  36 

6  39  11  3 

1857 

5  20  28  33 

10  21  29  29 

1  38  14  1 

11  8  34  9 

1858 

11  11  0  2 

1  20  12  50 

6  7  51  36 

3  17  57  14 

1859 

5  1  31  33 

4  18  56  10 

10  17  38  53 

7  37  30  30 

1860  B. 

11  3  32  3 

8  043  25 

3  9  17  44 

0  19  54  0 

1861 

423  53  33 

10  29  96  45 

7  18  55  9 

4  29  17  6 

1869 

10  14  95  3 

1  38  iO  6 

11  98  39  34 

9  8  40  13 

1863 

4  4  56  33 

4  36  53  37 

4  8  10  0 

1  18  3  18 

1864  B. 

10  6  47  3 

8  8  40  41 

8  99  58  51 

6  10  36  58 

1866 

3  27  18  32 

11  7  34  9 

1  9  36  17 

10  90  0  4 

1866 

9  17  60  9 

9  6  733 

5  19  13  49 

9  99  93  10 

1867 

3  8  91  39 

5  45043 

9  98  51  8 

7  8  46  15 

1868  B. 

9  10  13  2 

8  16  37  58 

9  30  40  0 

0  1  19  56 

1869 

3  043  33 

11  15  31  19 

7  0  17  35 

4  10  43  9 

1870 

8  31  15  3 

3  14  4  40 

11  9  54  50 

8  30  6  8 
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' 

Jfeoit'« 

Epochs. 

• 

Yemn.  i 

SqppbofNode. 

II. 

V. 

VI. 

VII. 

Vlli. 

IX. 

X. 

1831 

0sl3P  3' 39" 

0*37041' 

706 

711 

074 

079 

637 

596 

1839 

1  3  33  11 

4  IB  13 

130 

124 

383 

386 

717 

536 

1833 

1  31  43  56 

8  8  45 

533 

536 

689 

693 

796 

475 

1834  a 

3  11  5  47 

0  10  26 

981 

988 

026 

033 

913 

430 

1835 

3  0  35  39 

4  0  58 

395 

401 

333 

336 

993 

359 

1836 

3  19  45  11 

7  31  30 

809 

813 

641 

645 

072 

399 

1837 

4  9  453 

11  13  3 

333 

325 

949 

951 

151 

338 

1838  R 

4  28  37  46 

3  13  43 

670 

677 

385 

291 

267 

183 

1839 

5  17  47  39 

7  4  15 

084 

090 

593 

597 

347 

133 

1830 

6  7  7  11 

10  34  47 

488 

503 

900 

904 

427 

063 

1631 

6  36  36  53 

3  15  19 

913 

914 

308 

310 

506 

001 

1833  B. 

7  15  49  46 

6  17  0 

360 

366 

545 

550 

622 

945 

1833 

8  5  9  38 

10  7  32 

774 

779 

853 

856 

703 

885 

1834 

8  34  39  11 

1  38  4 

187 

191 

159 

163 

783 

835 

1835 

9  13  48  53 

5  18  36 

601 

603 

467 

469 

861 

764 

1836  B. 

10  3  11  46 

9  30  18 

048 

055 

804 

809 

977 

708 

1837 

10  33  31  38 

1  10  50 

463 

468 

111 

116 

057 

648 

1838 

11  11  51  10 

5  1  33 

876 

880 

419 

433 

137 

588 

1839 

0  1  10  53 

8  31  54 

390 

393 

736 

729 

217 

537 

1840  B. 

0  30  33  45 

0  33  35 

738 

744 

063 

069 

333 

471 

1841 

1  9  53  38 

4  14  7 

153 

157 

370 

375 

413 

411 

1843 

1  39  13  10 

8  4  39 

566 

569 

678 

682 

493 

350 

1843 

3  18  33  53 

U  25  11 

980 

980 

986 

988 

572 

390 

1844  B. 

3  7  55  45 

3  26  52 

427 

433 

323 

328 

687 

234 

1845 

3  37  15  27 

7  17  24 

840 

846 

639 

634 

767 

174 

1846 

4  16  35  9 

11  7  56 

354 

358 

937 

941 

847 

113 

lt^47 

5  5  54  53 

2  38  38 

668 

670 

245 

247 

927 

053 

1848  B. 

3  35  17  45 

7  0  9 

116 

123 

583 

587 

042 

997 

1849 

6  14  37  37 

10  30  41 

531 

535 

889 

893 

122 

937 

1850 

7  3  57  9 

2  11  13 

944 

947 

196 

200 

202 

876 

1851 

7  33  16  51 

6  ]  45 

358 

359 

504 

506 

383 

816 

1853  B. 

8  13  39  44 

10  3  27 

806 

811 

841 

846 

398 

760 

1853 

9  1  59  26 

1  23  59 

320 

233 

148 

153 

477 

700 

1854 

9  31  19  9 

5  14  31 

634 

636 

456 

459 

557 

639 

1855 

10  10  38  51 

9  5  3 

047 

048 

763 

765 

637 

579 

1856  B. 

11  0  1  44 

1  644 

495 

500 

100 

105 

753 

533 

1857 

U  19  31  26 

4  27  16 

909 

913 

407 

411 

833 

463 

1856 

0  8  41  8 

8  17  48 

323 

325 

715 

718 

913 

403 

1859 

0  38  0  51 

0  820 

736 

737 

023 

034 

993 

343 

1860  B. 

1  17  33  43 

4  10  1 

184 

189 

359 

364 

108 

386 

1861 

3  6  43  37 

8  033 

598 

601 

666 

670 

187 

326 

1869 

3  36  3  9 

11  31  5 

013 

014 

974 

977 

367 

165 

1863 

3  15  33  11 

•  3  11  37 

436 

436 

283 

383 

347 

105 

1864  B. 

4  4  45  44 

7  13  18 

873 

878 

618 

633 

463 

049 

1865 

4  34  5  46 

11  3  50 

387 

391 

936 

939 

543 

989 

1866 

5  13  35  38 

334  33 

701 

703 

333 

336 

633 

938 

1867 

6  3  45  10 

6  14  54 

115 

115 

541 

543 

703 

868 

1868  B. 

633  7  43 

10  16  36 

563 

567 

877 

883 

818 

813 

1869 

7  11  37  46 

3  7  8 

977 

980 

185 

188 

897 

753 

1870 

8  0  47  38  1  5  37  40 

390 

393 

493 

495 

977 

691 
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TABLE  XXI. 


Moan's  Motions  for  Months* 


Months. 
r_-.   )Com. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

OOOO 

9973 

9350 

81)60 

9713 

9664 

9628 

9942 

9610 

9976 

*^^^-  )Bi.. 

849 

146 

2246 

8896 

402 

1533 

1789 

2099 

753 

821 

9497 

1205 

8609 

66 

1161 

1731 

1709 

729 

March,   - 

1615 

8343 

1371 

6931 

9797 

1951 

3^4 

3027 

1433 

April, 

2464 

8490 

3616 

5827 

199 

3484 

5193 

5126 

2186 

Majr,  - 

3285 

7986 

4822 

4436 

265 

4646 

6924 

6835 

2914 

Jane, 

4134 

8133 

7067 

3332 

666 

6179 

8713 

8934 

3667 

July.  - 

4955 

7629 

6273 

1942 

732 

7341 

444 

643 

4396 

August,  . 

5804 

7776 

518 

838 

1134 

8874 

2233 

2742 

5148 

September, 

6653 

7932 

2764 

9734 

1536 

408 

4021 

48^ 

5901 

October,  . 

7474 

7419 

3969 

8343 

1602 

1569 

5752 

6550 

6630 

November, 

8333 

7565 

6215 

7239 

2004 

3102 

7541 

8649 

7383 

December, 

9144 

7062 

7^0 

5848 

2070 

4264 

9272 

358 

8111 

TABLE  XXI. 


Moon^s  Motions  for  Months, 


Months. 

Evection. 

Anomaly. 

Variation. 

M.  Long. 

^*"-  )  Bis. 

0*  0°  0'  0" 

0*  Qo   0'  0" 

0*  0^  0'   0" 

0*  0°  0'  0" 

11  18  41  I 

11  16  56  6 

11  17  48  33 

11  16  49  25 

jp.    SCom, 

11  20  48  42 

1  15  0  53 

0  17  54  48 

1  18  28  6 

1]  9  29  43 

1  1  56  59 

0  5  43  21 

1  5  17  31 

March,  - 

10  7  40  26 

1  20^0  4 

11  29  15  15 

1  27  24  27 

AprU,  - 

9  28  29  8 

3  5  50  57 

0  17  10  3 

3  15  52  33 

May, 

9  7  58  51 

4  7  47  56 

0  22  53  24 

4  21  10  3 

June,  * 

8  28  47  33 

5  22  48  49 

1  10  48  11 

6  9  38  9 

July,   - 

8  8  17  16 

6  24  45  48 

1  16  31  32 

7  14  55  40 

August, 

7  29  6  59 

8  9  46  42 

2  4  26  20 

9  3  23  46 

September, 

7  19  54  41 

9  24  47  35 

2  22  21  7 

10  21  51  52 

October, 

6  29  24  24 

10  26  44  34 

2  28  4  28 

11  27  9  22 

November, 

6  20  13  6 

0  11  45  27 

3  15  59  16 

1  15  37  28 

December, 

5  29  42  49 

1  13  42  26 

3  21  42  37 

2  20  54  59 
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Moon's  Motions  for  Months* 


Months. 

10 

11 

12 

13 

14 

15 
000 

16 
000 

17 
000 

18 

19 

20 

'-    }Sr- 

000 !  000 

000 

000 

000 

000 

000 

000 

930  1  969 

930 

966 

901 

969 

963 

958 

974 

000 

000 

Feb.    \^ 

175  i  965 

184 

59 

74 

946 

135 

304 

805 

5 

14 

105 

934 

114 

25 

975 

916 

98 

262 

779 

5 

14 

Much,  .  .  . 

139 

836 

157 

16 

851 

801 

159 

482 

532 

9 

27 

April,   -  .  - 

314 

801 

342 

76 

996 

747 

294 

786 

336 

13 

41 

419  735 

456 

101 

899 

663 

392 

47 

115 

18 

55 

June,   .  •  « 

593  700 

640 

160 

973 

609 

527 

351 

920 

22 

69 

July 

698  634 

754 

185 

948 

525 

625 

613 

699 

27 

83 

AujriMt,  -   .   . 

673  599 

938 

245 

22 

471 

759 

917 

503 

31 

97 

September,  .  . 

48 

563 

123 

304 

96 

417 

894 

221 

308 

36 

111 

October,   -  - 

15S 

497 

237 

329 

71 

333 

992 

483 

87 

40 

125 

November,  .  . 

327 

462 

421 

388 

145 

279 

127 

787 

892 

45 

139 

Deceatber,  -  - 

433 

396 

535 

414 

120 

194 

225 

49 

670 

49 

153 

TABLB  XXI. 


Moons  Motions  for  Months. 


Monthe. 

Supp.  of  Node. 

II. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

'•-   \^- 

0*  (P  Of    0" 

0*  Oo  O' 

000 

000 

000 

000 

000 

000 

U  29  56  49 

11  18  51 

966 

961 

972 

966 

964 

995 

FeK   j^- 

0  1  38  30 

11  15  43 

54 

224 

875 

45 

111 

165 

0  1  35  19 

11  4  34 

20 

185 

847 

11 

75 

159 

March,  -  . 

0  3  727 

9  27  59 

7 

330 

666 

989 

114 

aid 

April,  .  . 

0  4  45  57 

9  13  ^ 

61 

554 

549 

34 

!^ 

478 

May,    -  - 

0  6  21  16 

8  18  15 

81 

738 

389 

46 

300 

638 

June,  -  - 

0  7  59  46 

8  3  58 

136 

962 

264 

91 

411 

802 

July,  ... 

0  9  35  5 

7  8  32 

156 

147 

112 

103 

486 

962 

Aaguit,   . 

0  11  13  35 

6  24  15 

210 

371 

987 

147 

4d7 

126 

0  12  52  5 

6  9  58 

265 

595 

862 

193 

708 

S91 

October,  . 

0  14  27  24 

5  14  32 

285 

780 

710 

204 

783 

451 

November,  - 

0  16  5  53 

5  0  15 

339 

4 

585 

250 

894 

615 

l>ecember. 

0  17  41  13 

4  449 

359 

188 

432 

261 

QAQ 

775 
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TABLE  XXU« 


Moan's  Motions  for  Days. 


Pay. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

I 

oooo 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

9 

27 

650 

1040 

287 

336 

372 

58 

390 

34 

3 

^ 

1300 

2080 

574 

671 

744 

115 

781 

49 

4 

82 

1950 

3121 

861 

1007 

1116 

173 

1171 

73 

5 

109 

2600 

4161 

1148 

1342 

1488 

231 

1561 

97 

6 

137 

3249 

5201 

1435 

167-1 

1860 

289 

1952 

121 

7 

164 

3899 

6241 

1722 

2013 

2232 

346 

2342 

146 

8 

192 

4549 

7281 

2009 

2349 

2604 

404 

2732 

170 

9 

219 

5199 

8321 

2296 

2684 

2976 

462 

3122 

194 

10 

246 

5849 

9362 

2583 

3020 

3348 

519 

3513 

219 

11 

274 

6499 

402 

2870 

3355 

3720 

577 

3903 

343 

12 

301 

7149 

1442 

3157 

3691 

4093 

635 

4293 

267 

13 

328 

7799 

2482 

3444 

4026 

4465 

692 

4684 

291 

14 

356 

8449 

3522 

3731 

4362 

4837 

750 

5074 

316 

15 

383 

9098 

4563 

4018 

4698 

5209 

808 

5464 

340 

16 

411 

9748 

5603 

4305 

5033 

5581 

866 

5854 

364 

17 

438 

398 

6643 

4592 

5369 

5953 

923 

6245 

389 

18 

465 

1048 

7683 

4878 

5704 

6325 

981 

6635 

413 

19 

493 

1698 

8723 

5165 

6040 

6697 

1039 

7025 

437 

20 

520 

2348 

9763 

5452 

6375 

7069 

1096 

7416 

461 

21 

548 

2998 

804 

5739 

6711 

7441 

1154 

7806 

486 

22 

575 

3648 

1844 

6026 

7046 

7813 

1212 

8196 

510 

23 

602 

4298 

2884 

6313 

7382 

8185 

1269 

8586 

534 

24 

630 

4947 

3924 

6600 

7717 

8557 

1327 

8977 

559 

25 

657 

5597 

4964 

6887 

8053 

8929 

1386 

9367 

583 

26 

684 

6247 

6005 

7174 

8389 

9301 

1443 

9757 

607 

27 

712 

6897 

7045 

7461 

8724 

9673 

1500 

148 

631 

28 

739 

7547 

8085 

7748 

9060 

45 

1558 

538 

^^^6 

29 

767 

8197 

9125 

8035 

9395 

417 

1616 

928 

680 

30 

794 

8847 

165 

8322 

^731 

789 

1673 

1319 

704 

31 

821 

9497 

1205 

8609 

66 

1161 

1731 

1709 

729 

Digitized  by  LjOOQIC 


TABLE  XXII. 


27 


^loon's  MoHonsfor  Days* 


Days. 

10 

U 

12 

13 

14 

15 

16 

17 

18 

19 

20 

1 

000 

000 

000 

000 

000 

000 

000 

000 

000 

ooo" 

000 

2 

70 

31 

70 

34 

99 

31 

37 

42 

36 

0 

0 

3 

140 

62 

141 

68 

198 

61 

73 

84 

52 

0 

1 

4 

210 

93 

211 

103 

297 

92 

110 

126 

78 

0 

1 

5 

281 

125 

282 

137 

397 

122 

146 

168 

104 

1 

3 

6 

351 

156 

352 

171 

496 

153 

183 

210 

130 

3 

7 

421 

187 

423 

205 

595 

183 

220 

352 

156 

3 

8 

491 

218 

493 

239 

694 

214 

256 

294 

182 

3 

9 

561 

249 

564 

273 

793 

244 

293 

336 

208 

4 

10 

631 

280 

634 

308 

892 

275 

329 

379 

234 

4 

11 

708 

311 

705 

342 

992 

305 

366 

421 

260 

1 

5 

IS 

773 

342 

775 

376 

91 

336 

403 

463 

286 

3 

5 

13 

842 

374 

845 

410 

190 

366 

439 

505 

312 

2 

5 

14 

912 

405 

916 

444 

289 

397 

476 

547 

337 

3 

6 

15 

982 

436 

986 

478 

388 

427 

512 

589 

363 

2 

6 

16 

53 

467 

57 

513 

487 

458 

549 

631 

389 

2 

7 

17 

122 

498 

127 

547 

587 

488 

586 

673 

415 

3 

7 

18 

193 

529 

198 

581 

686 

519 

622 

715 

441 

2 

8 

19 

263 

560 

268 

615 

785 

549 

659 

757 

467 

3 

8 

30 

333 

591 

339 

649 

884 

580 

695 

799 

493 

3 

9 

31 

403 

623 

409 

683 

983 

611 

732 

841 

519 

3 

9 

33 

473 

654 

480 

718 

82 

641 

769 

H83 

545 

3 

10 

33 

543 

685 

550 

752 

182 

672 

805 

925 

571 

3 

10 

34 

614 

716 

621 

786 

281 

702 

842 

967 

597 

11 

35 

684 

747 

691 

820 

380 

733 

878 

9 

633 

11 

26 

754 

778 

762 

854 

479 

763 

915 

52 

649 

11 

37 

824 

809 

832 

888 

578 

794 

952 

94 

675 

13 

38 

894 

840 

903 

923 

677 

824 

988 

136 

701 

13 

39 

964 

872 

973 

957 

777 

855 

25 

178 

727 

13 

30 

34 

903 

43 

991 

876 

885 

61 

220 

753 

13 

31 

105 

934 

114 

25 

975 

916 

98 

262 

779 

14 
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TABLE  XXIf. 


ilfooft'x  Mciionsfor  Days. 


Days 

Ejection.   Anomaly. 

•  Variation. 

M.Lonf. 

1 

0*  oo  0'  0"  a»  0°  0'  0" 

0«  0°  O'  0" 

0*  0°  0'  0" 

2 

0  11  18  59 

0  13  3  54 

0  12  11  27 

0  13  10  35 

3 

0  22  37  59 

0  26  7  48 

0  24  22  53 

0  26  21  10 

4 

1  •  3  56  58 

1  9  11  42 

1  6  34  20 

1  9  31  45 

5 

1  15  15  58 

1  22  15  36 

1  18  45  47 

1  22  42  20 

6 

1  26  34  57 

2  5  19  30 

2  0  57  13 

2  5  52  55 

7 

2  7  53  57 

2  18  23  24 

2  13  8  40 

2  19  3  30 

8 

2  19  12  56 

3  1  27  18 

2  25  20  7 

3  2  14  5 

9 

3  0  31  55 

3  14  31  12 

3  7  31  34 

3  15  24  40 

10 

3  11  50  55 

3  27  35  6 

3  19  43  0 

3*28  35  15 

a 

3  23  9  54 

4  10  39  0 

4  1  54  27 

4  11  45  50 

12 

4  4  28  54 

4  23  42  54 

4  14  5  54 

4  24  56  25 

13 

4  15  47  53 

5  6  46  48 

4  26  17  20 

5  8  7  0 

14 

4  27  6  53 

6  19  50  42 

5  8  28  47 

5  21  17  35 

15 

5  8  25  52 

6  2  54  36 

5  20  40  14 

6  428  HI 

1$ 

5  19  44  51 

•6  15  58  29 

6  2  51  40 

6  17  38  45 

17 

6  1  3  51 

6  29  2  23 

6  15  3  7 

7  0  49  20 

18 

6  12  22  50 

7  12  6  17 

6  27  14  34 

7  13  59  55 

19 

6  23  4]  50 

7  25  10  11 

7  9  26  1 

7  27  10  30 

20 

7  5  0  49 

8  8  14  5 

7  21  37  27 

8  10  21  5 

21 

7  16  19  49 

8  21  17  59 

8  3  48  54 

8  23  31  40 

22 

7  97  38  48 

9  4  21  53 

8  16  0  21 

9  6  42  16 

23 

8  8  57  47 

9  17  25  47 

8  28  11  47 

9  19  52  51 

24 

8  20  16  47 

10  0  29  41 

9  10  23  14 

10  3  3  26 

25- 

9  1^85  46 

10  13  33  35 

9  22  34  41 

10  16  14  1 

26 

9  12  54  46 

10  26  37  29 

10  4  46  7 

10  29  24  36 

27 

9  24  13  45 

11  9  41  23 

10  16^7  34 

11  12  35  11 

28 

10  5  32  45 

11  22  45  17 

10  29  9  1 

11  25  45  46 

29 

10  16  51  44 

0  5  49  11 

11  11  20  28 

0  8  56  21 

30 

10  28  10  43 

0  18  53  5 

11  23  31  54 

022  6  56 

31 

11  9  29  43 

1  1  56  59 

0  5  43  21 

1  5  17  31 
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Moon's  Motions  for  Days. 


DayB 

Sup.  of  Node. 

II. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

1 

0°  O'  O'' 

0*  Oo  O' 

000 

000 

000 

000 

000 

000 

2 

e  3  11 

11  9 

34 

39 

28 

34 

36 

5 

a 

0  6  21 

22  ]S 

68 

79 

56 

67 

72 

11 

4 

0  9  32 

1  3  27 

102 

118 

85 

101 

108 

16 

5 

0  12  52 

1  14  37 

136 

158 

113 

135 

143 

21 

6 

0  15  53 

1  25  46 

170 

197 

141 

169 

179 

27 

7 

0  19  4 

2  6  55 

204 

237 

169 

202 

215 

32 

8 

0  22  14 

2  18  4 

238 

276 

198 

236 

251 

37 

9 

0  25  25 

2  29  13 

272 

316 

226 

270 

287 

43 

10 

0  28  36 

3  10  22 

306 

355 

254 

303 

323 

48 

11 

0  31  46 

3  21  31 

340 

395 

282 

337 

354 

53 

12 

0  34  57 

4  2  40 

374 

434 

311 

371 

394 

58 

13 

0  38  7 

4  13  50 

408 

474 

339 

405 

430 

64 

14 

0  41  18 

4  24  59 

442 

513 

367 

438 

466 

69 

15 

0  44  29 

5  6  8 

476 

553 

395 

472 

502 

74 

16 

0  47  39 

5  17  17 

510 

592 

424 

506 

538 

80 

17 

050  50 

5  28  26 

544 

632 

452 

539 

673 

85 

18 

054  1 

6  9  35 

578 

671 

480 

573 

#09 

90 

19 

6  57  11 

620  44 

612 

711 

50'^ 

607 

645 

96 

20 

1  022 

7  1  53 

646 

750 

537 

641 

681 

101 

21 

1  3  33 

7  13  3 

680 

790 

565 

674 

717 

106 

22 

1  6  43 

7  24  12 

714 

829 

593 

768 

753 

112 

23 

1  9  54 

8  5  21 

748 

869 

621 

742 

788 

117 

24 

1  13  5 

8  16  30 

782 

908 

650 

775 

824 

122 

25 

1  16  15 

8  27  39 

816 

948 

678 

809 

860 

128 

26 

1  19  26 

9  848 

850 

987 

706 

643 

896 

isa 

27 

1  22  36 

9  19  57 

884 

027 

734 

877 

932 

138 

28 

1  25  47 

10  1  6 

918 

066 

762 

910 

968 

143 

29 

1  28  58 

10  12  16 

952 

106 

791 

944 

003 

149 

30 

1  32  8 

10  23  25 

986 

145 

819 

978 

039 

154 

31 

1  35  19 

11  4  34 

020 

185 

847 

Oil 

075 

159 
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TABUE  XXltU 

MoonCs  Motions  for  Hours. 


Hours. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

1 

27 

43 

12 

14 

16 

2 

16 

1 

2 

2 

54 

87 

24 

28 

31 

5 

33 

3 

8 

3 

81 

130 

36 

42 

47 

7 

49 

3 

4 

5 

108 

173 

48 

56 

62 

10 

65 

4 

5 

6 

135 

217 

60 

70 

78 

12 

81 

5 

6 

7 

162 

260 

72 

84 

93 

14 

98 

6 

7 

8 

190 

303 

84 

98 

109 

17 

114 

7 

8 

9 

217 

347 

96 

112 

124 

19 

130 

8 

9 

10 

244 

390 

108 

126 

140 

22 

146 

9 

10 

a 

271 

433 

120 

140 

155 

24 

163 

10 

11 

12 

298 

477 

131 

154 

171 

26 

17i> 

11 

12 

14 

325 

520 

143 

168 

186 

29 

195 

W 

13 

15 

352 

563 

155 

182 

202 

31 

211 

13 

14 

16 

379 

607 

167 

196 

217 

34 

228 

14 

15 

17 

406 

650 

179 

210 

233 

36 

244 

15 

16 

18 

433 

693 

191 

224 

248 

38 

260 

16 

17 

19 

46U 

737 

203 

238 

264 

41 

276 

17 

18 

20 

487 

780 

215 

252 

279 

43 

293 

18 

19 

22 

515 

^3 

227 

266 

295 

46 

309 

19 

de 

23 

542 

867 

239 

280 

310 

48 

325 

20 

21 

24 

569 

910 

251 

294 

326 

50 

341 

21 

22 

25 

596 

953 

263 

308 

341 

53 

358 

23 

23 

26 

623 

997 

275 

322 

357 

55 

374 

23 

24 

27 

650 

1040 

287 

336 

372 

58 

390 

24 

Hours. 

Evection. 

Anomaly. 

Variation. 

Longitude. 

1 

0028- 17" 

0^32'  40" 

0^30' 29" 

0°  32^56" 

S 

0  56  35 

1  5  19 

1  0  57 

1  5  53 

3 

1  24  52 

1  37  59 

1  31  26 

1  38  49 

4 

1  53  10 

2  10  39 

2  1  54 

2  11  46 

5 

2  21  27 

2  43  19 

2  32  23 

2  44  42 

6 

2  49  45 

3  15  58 

3  2  52 

3  17  39 

7 

3  18  2 

3  48  38 

3  33  20 

8  50  35 

8 

3  46  20 

4  31  18 

4  3  49 

423  33 

9 

4  14  37 

4  53  58 

4  34  17 

4  56  28 

10 

4  42  55 

5  26  37 

5  4  46 

529  25 

n 

5  11  12 

5  59  17 

5  35  15 

6  3  31 

12 

5  39  30 

6  31  57 

6  5  43 

6  35  17 

13 

6  7  47 

7  4  37 

6  36  12 

T  8  14 

14 

6  36  5 

7  37  16 

7  640 

7  41  10 

15 

7  422 

8  3  56 

7  37  9 

8  14  7 

16 

732  40 

8  43  36 

8  7  38 

8  47  3 

17 

8  0  57 

9  15  16 

838  6 

930  0 

18 

6  39  15 

9  47  55 

9  835 

9  53  56 

19 

8  57  32 

10  30  35 

939  3 

10  25  53 

20 

9  35^ 

10  53  15 

10  9  32 

10  58  49 

21 

954  7 

11  25  55 

10  40  1 

11  31  46 

32 

10  22  34 

11  58  34 

11  10  39 

13  4  ^ 

23 

10  50  42 

13  31  14 

11  40  58 

13  37  39 

d4 

11  18  59 

.13  3  54 

13  11  27 

13  10  35 
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Hours. 

10 

11 

12 

17 

14 

15 

1 

16 
2 

17 
2 

18 
1 

I 

3 

1 

3 

1 

4 

3 

6 

3 

6 

3 

8 

3 

3 

4 

2 

3 

9 

4 

9 

4 

12 

4 

5 

5 

3 

4 

13 

5 

12 

6 

16 

5 

6 

7 

4 

5 

15 

6 

15 

7 

21 

6 

8 

9 

5 

6 

18 

8 

18 

9 

25 

8 

9 

11 

6 

7 

20 

9 

20 

10 

29 

9 

11 

12 

8 

8 

23 

10 

23 

11 

33 

10 

12 

14 

9 

'9 

26 

12 

26 

13 

37 

11 

14 

16 

10 

10 

29 

13 

29 

14 

41 

13 

15 

18 

11 

11 

32 

14 

32 

16 

45 

14 

17 

19 

12 

12 

35 

16 

35 

17 

49 

15 

18 

21 

13 

13 

38 

17 

38 

18 

54 

16 

20 

23 

14 

14 

41 

18 

41 

20 

58 

18 

21 

25 

15 

15 

44 

19 

44 

21 

62 

19 

23 

26 

16 

16 

47 

21 

47 

23 

66 

20 

25 

28 

17 

17 

50 

22 

50 

24 

70 

21 

26 

30 

18 

18 

53 

23 

53 

25 

74 

23 

28 

32 

19 

19 

56 

25 

56 

27 

78 

24 

29 

33 

21 

20 

58 

26 

58 

28 

83 

25 

31 

35 

22 

21 

61 

27 

61 

30 

87 

26 

32 

37 

23 

22 

64 

28 

64 

31 

91 

28 

34 

39 

24 

23 

67 

30 

67 

33 

95 

29 

35 

40 

25 

24 

70 

31 

70 

34 

99 

31 

37 

42 

26 

Hours. 

Sap.  of 
Node. 

II. 

V. 

VI. 

Vil 

VIII 

IX. 

X. 

1 

0'  8" 

0^28' 

1 

2 

1 

1 

1 

0 

2 

0  16 

0  56 

3 

3 

2 

3 

3 

0 

3 

0  24 

1  24 

4 

5 

4 

4 

4 

1 

4 

0  32 

1  52 

6 

7 

5 

6 

6 

1 

5 

0  40 

2  19 

7 

8 

6 

7 

7 

1 

6 

0  48 

2  47 

9 

10 

7 

9 

9 

1 

7 

0  56 

3  15 

10 

12 

8 

10 

10 

2 

8 

1  4 

3  43 

11 

13 

9 

11 

12 

2 

9 

1  11 

4  n 

13 

15 

11 

13 

13 

2 

10 

1  19 

4  39 

14 

16 

12 

14 

15 

2 

n 

1  27 

5  7 

16 

18 

13 

15  i  16 

2 

12 

1  35 

5  35 

17 

20 

14 

17  '  18 

3 

13 

1  43 

B  2 

18 

21 

15 

18  !  19 

3 

14 

]  51 

6  30 

20 

23 

16 

19 

21 

3 

15 

1  59 

6  5^ 

21 

25 

16 

21 

22 

3 

16 

2  7 

7  26 

23 

26 

19 

22 

24 

4 

17 

2  15 

7  54 

24 

28 

20 

24 

25 

4 

18 

2  23 

8  22 

26 

29 

21 

25 

27 

4 

19 

2  31 

8  50 

27 

31 

22 

27 

28 

4 

20 

2  39 

9  18 

28 

32 

24 

28 

30 

4 

21 

2  47 

9  45 

30 

34 

25 

29 

31 

5 

22 

2  55 

10  13 

31 

36 

26 

31 

33 

5 

23 

3  3 

10  41 

33 

38 

27 

32 

34 

5 

24 

3  11 

11  9 

34 

39 

28 

34 

36 

5 
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TABLE  XXIV. 


MootCs  Motions  for  J^IiniUes  and  Seconds, 


Min. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12(13 

14 

1 

0 

0 

I 

0 

0 

0 

0 

0 

0 

0 

0 

i  0 

0 

0 

2 

0 

1 

1 

0 

0 

1 

0 

1 

0 

0  1  0 

0 

0 

0 

3 

0 

1 

2 

1 

1 

1 

0 

1 

0 

0  0 

0 

0 

0 

4 

0 

2 

3 

1 

1 

1 

0 

1 

0 

0  j  0 

0 

0 

0 

5 

0 

2 

4 

1 

1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

6 

0 

3 

4 

1 

1 

2 

0 

2 

0 

0 

0 

|0 

0 

0 

7 

0 

3 

5 

1 

2 

2 

0 

2 

0 

0 

0 

0 

0 

0 

8 

0 

4 

6 

2 

2 

2 

0 

2 

0 

0 

0 

.  0 

0 

9 

0 

4 

6 

2 

2 

2 

0 

2 

0 

0 

0 

,  0 

0 

10 

0 

5 

7 

2 

2 

3 

0 

3 

0 

0 

0 

0 

0 

11 

0 

5 

8 

2 

3 

3 

0 

3 

0 

0 

0 

12 

0 

5 

9 

2 

3 

3 

0 

3 

0 

0 

0 

13 

0 

6 

9 

3 

3 

3 

4 

0 

0 

0 

14 

0 

6 

10 

3 

3 

4 

4 

0 

0 

0 

15 

0 

7 

11 

3 

3 

4 

4 

0 

0 

0 

\  * 

16 

0 

7 

12 

3 

4 

4 

4 

0 

0 

0 

17 

0 

8 

12 

3 

4 

4 

5 

0 

0 

0 

18 

0 

8 

13 

4 

4 

5 

5 

0 

0 

0 

19 

0 

9 

14 

4 

4 

5 

5 

0 

0 

0 

20 

0 

9 

14 

4 

5 

5 

5 

0 

0 

« 

21 

0 

10 

15 

4 

5 

5 

6 

0 

0 

0 

1 

22 

0 

10 

16 

4 

5 

6 

G 

0 

0 

2 

23 

0 

10 

17 

5 

5 

6 

6 

0 

0 

2 

24 

0 

11 

17 

5 

6 

6 

7 

0 

* 

3 

25 

0 

11 

18 

5 

6 

6 

5 

7 

0 

2 

26 

0 

12 

19 

5 

6 

7 

7 

0 

1 

2 

27 

1 

12 

19 

5 

6 

7 

7 

0 

2 

23 

1 

13 

20 

6 

7 

7 

8 

0 

2 

29 

1 

13 

21 

6 

7 

7 

8 

0 

2 

30 

1 

11 

22 

6 

7 

8 

3 

0 

2 
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Moori'a  Millions  far  Minutts  and  Seconds. 


Min. 

£vect. 

Anoni. 

Variat. 

Long. 

Sup. 
nod. 

14' 

Sec. 

Ev. 

Au. 

Var. 

Loo. 

31 

14' 37" 

16' 52" 

15'  45" 

17'  1" 

4" 

31 

15" 

\T 

16" 

17" 

32 

15  5 

17  25 

16  15 

17  34 

15 

32 

15 

17 

16 

18 

33 

15  34 

17  58 

16  46 

18  7 

15 

33 

16 

18 

17 

18 

34 

16  2 

18  30 

17  16 

18  40 

16 

34 

16 

18 

17 

19 

35 

16  30 

19  3 

17  47 

19  13 

16 

35 

17 

19 

18 

19 

36 

16  58 

19  36 

18  17 

19  46 

5 

17 

36 

17 

20 

18 

20 

37 

1?  27 

20  8 

18  48 

20  19 

5 

17 

37 

18 

20 

19 

20 

38 

17  55 

20  41 

19  18 

20  52 

5 

18 

38 

18 

21 

19 

21 

39 

18  23 

21  14 

19  49 

21  25 

5 

18 

39 

18 

21 

20 

21 

40 

18  52 

21  46 

20  19 

21  58 

5 

19 

, 

40 

19 

22 

20 

22 

41 

19  20 

22  19 

20  50 

22  31 

5 

19 

41 

19 

22 

21 

22 

42 

19  48 

22  52 

21  20 

23  3 

6 

20 

42 

20 

23 

21 

23 

43 

20  16 

23  24 

21  51 

23  36 

6 

20 

43 

20 

23 

22 

24 

44 

2U  45 

23  57 

22  21 

24  9 

6 

21 

44 

21 

24 

22 

24 

45 

21  13 

24  30 

22  52 

24  42 

6 

21 

45 

21 

24 

23 

25 

46 

21  41 

25  2 

23  22 

25  15 

6 

21 

46 

22 

25 

23 

25 

47 

22  10 

25  35 

23  53 

25  48 

6 

22 

47 

22 

26 

24 

26 

48 

22  38 

26  8 

24  23 

26  21 

6 

22 

48 

23 

26 

24 

26 

49 

23  6 

26  40 

24  54 

26  54 

6 

23 

49 

23 

27 

25 

27 

50 

23  34 

27  13 

25  24 

27  27 

7 

23 

50 

24 

27 

25 

27 

51 

24  3 

27  46 

25  55 

28  0 

7 

24 

51 

24 

28 

26 

28 

52 

24  31 

28  18 

26  25 

28  33 

7 

24 

52 

25 

28 

26 

28 

53 

24  59 

28  5J 

26  56 

29  6 

7 

25 

53 

25 

29 

27 

29 

54 

25  28 

29  24 

27  26 

29  39 

7 

25 

54 

26 

29 

27 

30 

55 

25  56 

29  56 

27  56 

30  12 

7 

26 

55 

26 

30 

28 

30 

56 

26  24 

30  29 

28  27 

30  45 

7 

26 

56 

26 

30 

28 

31 

57 

26  52 

31  2 

28  57 

31  18 

7 

27 

57 

27 

31 

29 

31 

58 

27  21 

31  34 

29  28 

31  51 

8 

27 

58 

27 

32 

29 

32 

59 

27  49 

32  7 

29  58 

32  23 

8 

28 

59 

28  32 

30 

32 

60 

28  17 

32  40 

30  29 

32-56 

8 

28 

60 

28  33 

30 

33 
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36  TABLE  XXV. 

First  Exiuatioii  of  Moon's  Longitude.     Argument  1. 


Argr. 


0 

100 
2U0 
300 
400 
500 

600 
7110 
800 
900 
1000 

1100 
1200 
1300 
1400 
1500 

1600 
1700 
1800 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

2600 
2700 
2800 
2900 
3000 

3100 
3200 
3300 
3400 
3500 

3600 
3700 
3800 
3900 
4000 

4100 
4200 
4300 
4400 
4500 

4600 
4700 
4600 
4900 
5000 


1 


12' 40" 
U  5S 
11  IC 
^0  34 
9  53 
9  »2 

8  32 
7  54 
7  16 
6  40 
6  6 

5  33 
5  2 
4  32 
4  5 
3  40 

3  17 
2  56 
2  38 
2  22 
2  9 

1  58 

1  50 

1  44 

1  41 

1  41 

1  43 
1  48 

1  55 

2  5 
2  17 

2  32 

2  49 

3  8 
3  30 
3  53 


6  53 

7  28 

8  5 

8  42 

9  20 


9  59 

10  39 

11  19 

11  59 

12  40 


Diff.; 


42" 

42 

42 

41 

41 

40 

38 
38 
36 
34 
33 

31 
30 
27 
25 
23 

21 
18 
16 
13 
11 

8 
6 
3 
0 
2 

5 

7 
10 
12 
io 

17 
19 
22 
23 
26 

27 
30 
31 
32 
34 

35 

37 
37 

38 
39 

40 
40 
40 
41 


Ar^r,  \ 


500il  I  12'  4r 
5100  ,  13  20 


5300 
5400 
5300 

5600 
5700 

5m^ 

51*00 
60410 

tiJOG 
6300 
63fm 
6400 
6500 

6G00 
6700 
68fH) 
6300 
7000 

7100 

rim 

73U0 
7400 
7500 

7600 
7700 
780(1 
7900 

eooo 

6100 

mm 

8300 

fl500 

8600 
8700 

mm 
mm 
mm 

9100 
9200, 
9300 
1)400 
1/500 

9600 

9!i00 

mm 

10000 


14  1 
U  41 

15  20 

16  0 

16  38 

17  15 

17  52 

13  27 
19     1 

19  33 

20  4 

20  33 

21  1 
21  27 

21  50 
;J3  12 
:J2  31 

22  48 

23  3 

23  15 
23  25 
23  32 
23  37 
23  39 

23  39 

23  36 

23  30 

23  22 

23  II 

92  58 
22  42 
22  94 
^  3 

21  40 

21  15 

20  +8 
20  IH 
19  47 
19  U 

15  4n 

18  4 
17  26 

16  48 
16  8 

15  27 

14  46 
14  4 
13  22 
12  40 


DC 
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EqwUiont  2  to  7  of  Moon's  Longitude.     Ahoumbhts  2  to  7. 


A.g. 

2 

3 

4 

5 

6 

7 

Arg. 

2500 

4'  57" 

0'  2" 

6' 30" 

3'  39" 

0'  6" 

0'  1" 

2500 

2600 

4  57 

0  t 

6  30 

3  39 

0  6 

0  1 

2400 

2700 

4  56 

0  3 

6  29 

3  38 

0  7 

0  1 

2:i00 

2800 

4  55 

0  3 

6  27 

3  37 

0  8 

0  2 

2200 

2900 

4  53 

0  4 

6  24 

3  36 

0  9 

0  3 

2100 

3000 

4  50 

0  5 

6  21 

3  34 

0  10 

0  4 

2000 

3100 

4  47 

0  6 

6  17 

3  32 

0  12 

0  5 

1900 

3200 

4  43 

0  8 

6  12 

3  29 

0  14 

0  6 

1800 

3300 

4  39 

0  9 

6  7 

326 

0  17 

0  8 

1700 

3400 

4  34 

0  11 

6  1 

3  22 

0  19 

0  10 

1600 

3500 

4  29 

0  13 

5  54 

3  18 

0  22 

0  12 

1500 

3600 

4  23 

0  15 

5  47 

3  14 

0  25 

0  14 

1400 

3700 

4  17 

0  18 

5  39 

3  10 

029 

0  17 

1300 

3800 

4  11 

0  20 

5  30 

3  5 

0  33 

0  19 

1200 

3900 

4  4 

0  23 

5  21 

3  0 

0  37 

0  22 

1100 

4000 

3  57 

026 

5  13 

254 

0  41 

0  25 

1000 

4100 

3  49 

0  29 

5  2 

2  49 

0  45 

0  28 

900 

4200 

3  41 

0  32 

4  52 

2  43 

0  50 

0  31 

800 

4300 

3  33 

0  35 

4  41 

2  37 

0  54 

0  35 

700 

4400 

3  24 

0  39 

4  30 

2  30 

0  59 

0  38 

600 

4500 

3  15 

0  42 

4  19 

2  24 

1  4 

0  42 

500 

4600 

3  7 

0  46 

4  7 

2  17 

1  9 

0  45 

400 

4700 

2  58 

0  49 

3  56 

2  10 

1  14 

0  49 

300 

4800 

2  48 

0  53 

3  44 

2  4 

1  19 

0  53 

200 

4900 

2  39 

0  56 

3  32 

1  57 

1  25 

0  56 

100 

5000 

2  30 

1  0 

3  20 

150 

1  30 

1  0 

0000 

5100 

2  21 

1  4 

3  8 

1  43 

1  35 

1  4 

9900 

5?00 

2  11 

1  7 

2  56 

1  36 

1  40 

1  7 

9800 

5300 

2  2 

1  11 

2  41 

1  29 

1  46 

1  U 

9700 

5400 

1  53 

1  14 

2  33 

1  23 

1  51 

1  15 

9600 

5500 

1  44 

1  18 

2  21 

1  16 

1  56 

1  18 

9500 

5600 

1  36 

1  21 

2  10 

1  10 

2  1 

1  22 

9400 

5700 

1  27 

1  25 

1  59 

1  3 

2  6 

1  25 

9300 

5800 

1  39 

1  28 

1  48 

0  57 

2  10 

1  28 

920O 

5900 

1  11 

1  31 

1  38 

0  51 

2  15 

1  32 

9100 

6000 

1  3 

1  34 

1  28 

0  46 

2  19 

1  35 

9000 

6100 

0  56 

1  37 

1  19 

0  40 

2  23 

1  38 

8900 

6200 

0  49 

I  39 

1  10 

0  35 

2  27 

•1  40 

8800 

6300 

0  43 

1  42 

1  1 

0  30 

2  31- 

1  43 

8700 

6400 

0  36 

1  44 

0  53 

0  26 

2  35 

1  46 

8600 

6500 

0  31 

3  47 

0  46 

0  21 

2  38 

1  48 

8500 

6600 

0  26 

1  49 

0  39 

0  18 

2  41 

1  50 

8400 

6700 

0  21 

1  51 

0  33 

0  14 

2  43 

1  52 

8300 

6800 

0  17 

1  52 

0  28 

0  11 

2  46 

1  54 

8200 

6900 

0  13 

1  54 

0  23 

0  8 

248 

1  55 

8100 

7000 

0  10 

1  55 

0  19 

0  6 

2  50 

1  56 

8060 

7100 

0  7 

1  56 

0  16 

0  4 

2  51 

1  57 

7900 

7200 

0  5 

1  57 

0  13 

0  2 

2  52 

1  58 

7800 

7300 

0  4 

1  57 

0  11 

0  1 

2  53 

1  59 

7700 

7400 

0  3 

1  58 

0  10 

0  1 

2  54 

1  59 

7600 

7500 

0  3 

1  58 

0  10 

0  1 

254 

1  59 

7500 
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TABLE  XXVIIl. 
EquatianM  10  and  11. 


Arg. 

8 

9 

iArg. 

8 

9 

0 

r  20" 

r  20" 

!  5000 

r  20" 

1'20" 

100 

1  15 

1  29 

'  5100 

1  24 

1  26 

200 

1 11 

1  37 

'  5200 

129 

1  31 

300. 

1  7 

1  46 

1  5300 

1  33 

1  37 

400 

1  2 

1  54 

5400 

1  37 

1  42 

500 

0  58 

2  1 

5500 

1  42 

1  47 

600 

0  54 

2  8 

5600 

1  46 

1  51 

700 

0  50 

2  15 

5700 

1  50 

1  55 

800 

0  46 

2  20 

5800 

1  54 

1  58 

900 

0  42 

2  25 

5900 

1  58 

2  0 

1000 

0  38 

2  29 

6000 

2  1 

2  1 

J 100 

0  35 

2  32 

6100  2  5 

2  2 

1200 

0  31 

2  34 

6200  2  8 

2  2 

1300 

0  28 

2  35 

6300  2  11 

2  1 

1400 

0  25 

2  35 

6400 

2  14 

1  59 

1500 

0  23 

2^ 

6500 

2  17 

1  56 

1600 

0  20 

2  32 

6600 

2  19 

1  52 

1700 

0  18 

2  29 

6700 

2  22 

1  48 

1800 

0  16 

2  26 

6800 

2  24 

1  43 

1900 

0  14 

2  81 

6900 

2  25 

1  38 

2000 

0  13 

2  16 

7000 

2  27 

1  32 

2100 

0  11 

2  11 

7100 

2  28 

1  25 

2200 

0  10 

2  4 

7200 

2  29 

1  18 

2300 

0  10 

I  58 

7300 

2  30 

1  11 

2400 

0  9 

1  51 

7400 

2  30 

1  4 

2500 

0  9 

1  43 

7500 

2  31 

0  56 

2600 

0  10 

1  36 

7600 

2  30 

0  49 

2700 

0  10 

1  29 

7700 

2  30 

0  42 

2800 

0  11 

1  22 

7800 

2  29 

0  36 

2900 

0  12 

1  15 

7900 

2  28 

0  29 

3000 

0  13 

1  8 

8000 

2  27 

0  24 

3100 

0  15 

1  2 

8100 

2  26 

0  18 

3200 

0  16 

0  57 

8200 

2  24 

0  14 

3300 

0  18 

0  52 

8300 

2  22 

0  10 

3400 

0  21 

0  47 

8400 
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0  8 

3500 
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0  44 

8500 
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0  6 
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0  41 
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0  46 
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11 
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650 
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660 
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670 
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18 

680 
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13 
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17 
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13 

200 
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210 
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16 

710 

10 

U 

220 

6 

15 

720 

11 

10 

230 

7 

14 

730 

11 

9 

240 

7 

13 

740 

12 

9 

250 

8 

12 

750 

12 

8 

260 

8 

11 

760 

13 

7 

270 

9 

10 

770 

13 

6 

280 

9 

10 

780 

14 

5 

290 

10 

9 

790 

14 

4 

300 

10 

8 

800 

15 

3 

310 

11 

7 

810 

15 

3 

320 

11 

6 

820 

15 
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330 

12 

6 

830 

16 

2 

340 

12 

5 

840 

16 

1 

350 

12 

5 

850 

16 

1 

360 

12 

5 

860 
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1 

370 

13 
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870 
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380 

13 
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880 
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390 

13 
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890 
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400 

13 
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900 
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2 

410 
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910 
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420 
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5 

920 

15 

3 

430 
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5 

930 
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440 
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6 

940 
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4 

450 
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950 
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5 

460 

11 

7 

960 
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6 

470 
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8 

970 

12 

1 

480 

11 

8 

980 

11 

8 
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9 
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11 

9 
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Equation  20. 
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Arg. 

Arg. 
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Arg. 
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3" 
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860 
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3 
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18 
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15 

5 

16 
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3 
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TABLE  XXXI. 


Evectiotu 
Argument.     Evection,  corrected. 


0* 

I* 

11* 

111*   1   IV* 

V* 

2o  9' -42'/ 

0° 

1O30'  0" 

2010-43" 

2^40' 10" 

20.50' 25"  2<539'  8" 

1 

1  31  25 

2  11  57 

2  40  51 

2  50  23 

2  38  25 

2  8  29 

2 

1  32  51 

2  13  9 

2  41  30 

2  50  20 

2  37  40 

2  7  16 

3 

1  34  16 

2  14  21 

2  42  8 

2  50  15 

2  36  55 

2  6  2 

4 

1  35  42 

2  15  31 

2  42  45 

2  50  9 

2  36  8 

2  4  47 

5 

1  37  7 

2  16  41 

2  43  21 

2  50  1 

2  35  19 

2  3  32 

6 

I   38  32 

2  17  50 

2  43  55 

2  49  52 

2  34  30 

2  2  16 

7 

1  39  57 

2  18  58 

2  44  27 

2  49  41 

2  33  40 

2  10 

8 

1  41  21 

2  20  5 

2  44  59 

2  49  29 

2  32  48 

1  59  43 

9 

1  42  46 

2  21  11 

2  45  29 

2  49  15 

2  31  55 

1  58  26 

10 

1  44  10 

2  22  17 

2  45  57 

2  49  0 

2  31  2 

1  57  8 

11 

1  45  34 

2  23  21 

2  46  24 

2  48  43 

2  30  7 

1  55  49 

12 

1  46  58 

2  24  24 

2  46  50 

2-48  26 

2  29  11 

1  54  30 

13 

1  48  21 

2  25  26 

2  47  14 

2  48  6 

2  28  14 

1  53  11 

14 

1  49  44 

2  26  28 

2  47  37 

2  47  45 

2  27  16 

1  51  51 

15 

1  51  7 

2  27  28 

2  47  59 

2  47  23 

2  26  17 

1  50  31 

16 
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2  48  19 
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18 

1  55  12 

2  30  21 

2  48  54 

2  46  8 

2  23  14 

1  46  29 

19 

1  56  33 

2  31  17 

2  49  10 

2  45  41 

2  22  11 

1  45  7 

20 

I  57  53 

2  32  11 

2  49  24 

2  45  12 

2  21  7 

1  43  46 

21 

1  59  13 

2  33  5 

2  49  37 

2  44  41 

2  20  2 

1  42  24 

22 

2  0  32 

2  33  57 

2  49  48 

2  44  9 

2  18  56 

1  41  2 

23 

2  1  51 

2  34  48 

2  49  58 

2  43  36 

2  17  50 

1  39  39 

24 

2  3  9 

2  35  38 

2  50  6 

2  43  2 

2  16  43 

I  38  17 

25 

2  4  26 

2  36  26 

2  50  13 

2  42  26 

2  15  34 

1  36  54 

26 

2  5  43 

2  37  13 

2  50  19 

2  41  49 

2  14  25 

1  35  32 

27 

2  6  59 

2  37  59 

2  50  23 

2  41  11 

2  13  16 

1  34  9 

28 

2  8  15 

2  38  44 

2  50  25 

2  40  31 

2  12  5 

1  32  46 

29 

2  9  30 

2  39  28 

2  50  26 

2  39  50 

2  10  54 

1  31  23 

30 

2  10  43 

2  40  10 

2  50  25 

2  39  8 

2  9  42 

1  30  0 
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Ejection. 
Argument.     Evectioh,  corrected. 


VI* 

vn* 

VIII' 

IX» 

X* 

Xl* 

Oo 

1O30'  0" 

0050^18" 

1!°36'53" 

0^  9' 34" 

0^19'  50" 

0O49'  16" 

1 

1  38  37 

049  6 

0  30  10 

0  9  34 

0  30  33 

0  50  30 

9 

1  37  14 

0  47  55 

0  19  39 

0  9  35 

0  31  16 

0  51  45 

3 

1  35  51 

0  46  44 

0  18  49 

0  9  37 

022  1 

053  1 

4 

1  34  38 

045  34 

0  18  11 

0  9  41 

0  22  47 

0  54  17 

5 

1  33  6 

0  44  36 

0  17  34 

0  9  47 

023  34 

055  33 

6 

1  31  43 

0  43  17 

0  16  58 

0  9  54 

024  22 

0  56  51 

7 

1  30  30 

0  43  10 

0  16  34 

0  10  2 

0  25  12 

058  9 

8 

1  18  58 

0  41  4 

0  15  50 

0  10  13 

0  26  3 

0  59  38 

9 

1  17  36 

0  39  58 

0  15  19 

0  10  23 

0  26  55 

1  0  47 

10 

1  16  14 

038  53 

0  14  48 

0  10  36 

0  27  48 

13  7 

11 

1  14  52 

0  37  49 

0  14  19 

0  10  50 

028  43 

1  3  37 

12 

1  13  31 

0  36  46 

0  13  51 

0  11  5 

029  39 

1  4  48 

13 

1  13  10 

035  44 

0  13  35 

0  11  23 

0  30  35 

1  6  9 

14 

1  10  49 

034  43 

0  13  0 

0  11  41 

0  31  33 

1  7  31 

15 

1  939 

033  43 

0  12  37 

0  12  1 

0  32  32 

1  853 

16 

I  8  9 

032  44 

0  12  14 

0  12  23 

0  33  32 

1  10  16 

17 

1  6  49 

0  31  46 

0  11  54 

0  12  45 

0  34  34 

1  11  39 

18 

1  5  30 

0  30  49 

0  11  34 

0  13  10 

0  35  36 

1  13  3 

19 

1  4  11 

029  53 

0  11  16 

0  13  35 

0  36  39 

1  14  36 

30 

1  3  53 

0  28  58 

0  11  0 

0  14  3 

0  37  43 

]  15  50 

31 

1  1  34 

0  38  5 

0  10  45 

0  14  31 

0  38  48 

1  17  14 

SS 

1  0  17 

0  27  12 

0  10  31 

0  15  1 

0  39  55 

1  18  39 

23 

0  59  0 

0  26  30 

0  10  19 

0  15  33 

0  41  2 

1  30  3 

34 

0  57  44 

0  25  30 

0  10  8 

0  16  5 

0  43  10 

1  31  28 

35 

0  56  38 

0  24  40 

0  9  59 

0  16  39 

0  43  19 

1  22  53 

36 

0  55  13 

023  52 

0  9  51 

0  17  15 

0  44  39 

1  24  18 

37 

0  53  58 

0  23  5 

0  945 

0  17  52 

0  45  39 

1  25  44 

38 

0  53  44 

0  22  20 

0  9  40 

0  18  30 

0  46  51 

1  27  9 

39 

0  51  31 

0  21  35 

0  9  36 

0  19  9 

048  3 

1  28  34 

30 

0  50  18 

0  20  53 

0  9  34 

0  19  50 

0  49  16 

I  30  0 
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TABLE  XXXU. 


Equation  cf  MooiCs  Centre, 
Argument.    Anomaly,  corrected. 


0* 

I'   1   Il» 

III' 

IV* 

V* 

Qo 

70  0'  0" 

10o20'58"12o38'44" 

13^17' 35" 

12°  16' 21" 

9^58^29/' 

1 

7  7  5 

10  26  52 

12  41  43 

13  17  5 

12  12  48 

9  52  58 

2 

7  14  10 

10  32  42 

12  44  35 

13  16  28 

12  9  11 

9  47  24 

3 

7  21  15 

10  38  27 

12  47  20 

13  15  44 

12  5  29 

9  41  48 

4 

7  28  19 

10  44  8 

12  49  59 

13  14  53 

12  1  41 

9  36  10 

5 

7  35  23 

10  49  43 

12  52  30 

13  13  56 

11  57  49 

9  30  29 

6/ 

7  42  26 

10  55  14 

12  54  55 

13  12  52 

11  53  52 

9  24  46 

7 

7  49  28 

11  0  39 

12  57  12 

13  11  41 

11  49  50 

9  19  1 

8 

7  56  28 

11  6  0 

12  59  23 

13  10  24 

11  45  44 

9  13  13 

9 

8  3  28 

11  11  15 

13  1  26 

13  9  1 

11  41  33 

9  7  24 

10 

8  10  26 

11  16  24 

13  3  23 

13  7  31 

11  37  17 

9  1  32 

11 

8  17  22 

11  21  29 

13  5  12 

13  5  54 

11  32  57 

8  55  39 

12 

8  24  17 

11  26  27 

13  6  55 

13  4  12 

11  28  33 

8  49  44 

13 

8  31  10 

11  31  20 

13  8  30 

13  2  23 

11  24  5 

«  43  47 

14 

8  38  1 

11  36  8 

13  9  59 

13  0  27 

11  19  32 

8  37  49 

15 

8  44  50 

11  40  49 

13  11  20 

12  58  26 

11  14  55 

8  31  49 

16 

8  51  36 

11  45  25 

13  12  34 

12  56  18 

11  10  14 

8  25  48 

17 

8  58  20 

11  49  54 

13  13  41 

12  54  5 

11  5  30 

8  19  46 

18 

9  5  I 

11  54  18 

13  14  41 

12  51  45 

11  0  41 

8  13  42 

19 

9  11  39 

11  58  35 

13  15  34 

12  49  19 

10  55  49 

8  7  38 

20 

9  18  15 

12  2  47 

13  16  20 

12  46  47 

10  50  53 

8  1  32 

21 

9  24  47 

12  6  52 

13  16  59 

12  44  10 

10  45  53 

7  55  26 

22 

9  31  16 

12  10  50 

13  17  31 

12  41  27 

10  40  50 

7  49  18 

23 

9  37  42 

12  14  42 

13  17  56 

12  38  38  ,10  35  43 

7  43  10 

24 

9  44  4 

12  18  28 

13  18  14 

12  35  43 

10  30  33 

7  37  1 

25 

9  50  23 

12  22  7 

13  18  24 

12  32  43 

10  25  20 

7  30  52 

26 

9  56  38 

12  25  40 

13  18  28 

12  29  37 

10  20  4 

7  24  42 

27 

10  2  49 

12  29  6 

13  18  25 

12  26  26 

10  14  45 

7  18  32 

28 

10  8  56 

12  32  25 

13  18  16 

12  23  10 

10  9  22 

7  12  21 

29 

10  14  59 

12  35  38 

13  17  59 

12  19  48 

10  3  57 

7  *11 

30 

10  20  58 

12  38  44 

13  17  35 

12  16  21 

9  58  29 

7  0  0 
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Equation  cf  Moan's  Centre. 
Argument.    Anomaly,  corrected. 


\U 

VII* 

vm* 

IX« 

X* 

XI' 

Oo 

70  c  0" 

40  i'3i./ 

P43'39' 

0^42' 25" 

lo21'16" 

3039'  2/ 

1 

6  53  49 

3  56  3 

1  40  12 

0  42  1 

1  24  22 

3  45  1 

2 

6  47  39 

3  50  38 

1  36  50 

0  41  44 

1  27  35 

3  51  4 

3 

6  41  28 

3  45  15 

1  33  34 

0  41  35 

1  30  54 

3  57  11 

4 

6  35  18 

3  39  56 

1  30  23 

0  41  32 

1  34  20 

4  3  22 

5 

629  8 

3  34  40 

1  27  17 

0  41  ?6 

]  37  53 

4  9  37 

6 

622  59 

3  29  26 

1  24  17 

0  41  46 

1  41  32 

4  15  55 

7 

6  16  50 

3  24  17 

1  21  22 

0  42  4 

1  45  18 

4  22  18 

8 

6  10  42 

3  19  10 

1  18  33 

0  42  29 

1  49  10 

4  28  44 

9 

6  434 

3  14  7 

1  15  50 

0  43  1 

1  53  8 

4  35  13 

10 

5  58  28 

3  9  7 

1  13  12 

0  43  40 

1  57  13 

4  41  45 

U 

552  22 

3  4  11 

1  10  41 

0  44  26 

2  1  24 

4  48  21 

12 

5  46  17 

2  59  19 

1  8  15 

0  45  19 

2  5  42 

4  54  59 

13 

5  40  14 

2  54  30 

1  555 

0  46  19 

2  10  5 

5  1  40 

14 

5  34  12 

2  49  46 

1  3  42 

0  47  26 

2  14  35 

5  8  24 

15 

5  28  11 

245  5 

1  1  34 

0  48  40 

2  19  11 

5  15  10 

16 

5  22  11 

2  40  28 

0  59  33 

0  50  1 

2  23  52 

5  21  59 

17 

5  i6  13 

2  33  55 

0  57  37 

0  51  30 

2  28  39 

5  28  50 

18 

5  10  16 

2  31  27 

0  55  48 

0  53  5 

2  33  32 

5  35  43 

19 

5  4  21 

2  27  3 

054  6 

0  54  47 

2  38  31 

5  42  37 

20 

458  28 

2  22  43 

0  52  29 

0  56  37 

2  43  35 

5  49  34 

21 

4  52  36 

2  18  27 

6  50  59 

0  58  33 

2  48  45 

5  56  32 

22 

4  46  47 

2  14  16 

0  49  36 

1  0  37 

2  54  0 

6  3  31 

23 

4  40  59 

2  10  10 

0  48  19 

1  2  48 

2  59  21 

6  10  32 

24 

4  35  14 

2  6  8 

0  47  8 

1  5  5 

3  4  46 

6  17  34 

25 

4  29  31 

2  2  11 

046  4 

I  7  30 

3  10  17 

6  24  37 

26 

4  23  50 

1  58  19 

0  45  7 

1  10  1 

3  15  52 

6  31  41 

27 

4  18  11 

1  54  31 

0  44  16 

1  12  40 

3  21  33 

6  38  45 

28 

4  12  35 

1  50  49 

0  43  32 

1  15  25 

3  27  18 

6  45  50 

29 

4  7  2 

1  47  11 

0  42  55 

1  18  17 

3  33  8 

6  52  55 

30 

4  1  31 

1  43  39 

0  42  25 

1  21  16 

3  39  2 

7  0  0 
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TABLE  XXXIII. 


VariaHon* 
Argument.    Variation,  corrected. 


0* 

U 

11' 

HI* 

IV* 

V* 

Oo 

0O38'  0" 

P  8'  1" 

10  6' 58" 

0^35' 54" 

0°  5' 29" 

00  6'  2" 

1 

0  39  13 

1  835 

1  6  18 

0  34  40 

0 

454 

0  643 

9 

0  40  26 

1  9  r 

1  5  36 

0  33  27 

0 

4  21 

0  7  24 

3 

0  41  39 

1  9  36 

1  452 

0  32  13 

0 

3  51 

0  8  8 

4 

042  52 

1  10  3 

1  4  5 

0  31  0 

0 

3  22 

0  855 

5 

044  4 

1  10  28 

1  3  17 

0  29  47 

0 

256 

0  9  44 

6 

0  45  16 

1  10  50 

1  2  27 

028  34 

0 

233 

0  10  34 

7 

0  46  28 

1  11  9 

1  1  35 

027  22 

0 

2  12 

0  11  27 

8 

0  47  38 

1  11  26 

1  0  42 

0  26  11 

0 

1  54 

0  12  23 

9 

048  48 

1  11  41 

0  59  46 

025  1 

0 

1  38 

0  13  19 

10 

0  49  57 

1  11  53 

0  58  49 

0  23  51 

0 

1  24 

0  14  17 

11 

0  51  6 

1  12  2 

0  57  50 

022  42 

0 

114 

0  15  17 

13 

0  53  13 

1  12  9 

0  56  50 

0  31  34 

0 

1  5 

0  16  19 

13 

0  53  19 

1  12  13 

0  55  48 

020  28 

0 

1  0 

0  17  22 

14 

0  54  24 

112  15 

0  54  45 

0  19  22 

0 

0  57 

0  18  27 

15 

0  55  27 

1  12  14 

053  41 

0  18  18 

0 

0  57 

0  19  33 

16 

0  56  30 

1  12  10 

0  52  35 

0  17  15 

0 

059 

020  41 

17 

0  57  31 

1  12  4 

0  51  28 

0  16  13 

0 

1  4 

0  21  50 

18 

058  30 

1  11  55 

0  50  21 

0  15  13 

0 

I  U 

023  0 

19 

059  28 

1  11  44 

0  49  12 

0  14  15 

0 

1  22 

0  24  11 

20 

1  024 

1  11  30 

048  2 

0  13  17 

0 

1  34 

035  33 

21 

1  1  19 

1  11  14 

046  52 

0  12  22 

0 

1  50 

036  36 

23 

1  2  11 

1  10  55 

045  40 

0  11  28 

0 

2  8 

037  50 

23 

1  3  2 

1  10  34 

04129 

0  10  37 

0 

228 

039  4 

24 

1  3  51 

1  10  10 

0  43  16 

0  9  47 

0 

2  51 

030  30 

25 

1  438 

1  9  44 

042  3 

0  859 

0 

3  17 

0  31  36 

26 

1  523 

1  9  15 

0  40  50 

0  8  13 

0 

345 

032  52 

27 

1  6  6 

]  844 

0  39  36 

0  729 

0 

4  16 

034  9 

28 

1  6  47 

1  8  11 

036  22 

0  6  47 

0 

448 

035  26 

29 

1  725 

1  7  36 

0  37  8 

0  6  7 

0 

524 

036  43 

30 

1  8  1 

1  658 

035  54 

0  5  29 

0 

6  2 

0  38  0 
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Variaiunu 
Argument.    Variation,  corrected. 


VI« 

V1I« 

Vllb 

IX« 

X* 

XI» 

Oo 

0^38'  0" 

lo  9'58'* 

loi0'30" 

0o4(y  6- 

QO  y  Jjr, 

09   758" 

1 

0  39  17 

1  10  36 

I  9  53 

0  38.^ 

0 

824 

0  8  35 

3 

0  40  34 

1  11  11 

1  9  13 

0  37  38 

0 

749 

0  9  13 

3 

0  41  51 

1  11  44 

1  8  31 

0  36  24 

0 

7  15 

0  9  54 

4 

0  43  8 

1  12  15 

1  7  47 

0  35  10 

0 

645 

0  10  37 

5 

044  24 

1  12  43 

1  7  1 

0  33  57 

0 

6  16 

0  11  22 

6 

0  45  40 

1  13  9 

1  6  13 

032  41 

0 

550 

0  12  9 

7 

0  46  55 

1  13  32 

1  5  23 

0  31  31 

0 

5  26 

0  12  58 

8 

0  48  10 

I  13  52 

1  4  31 

0  30  19 

0 

5  5 

0  13  49 

9 

049  24 

1  14  10 

1  3  38 

029  6 

0 

446 

0  14  41 

10 

0  50  37 

1  14  26 

1  242 

027  58 

0 

429 

0  15  36 

11 

0  51  49 

1  14  38 

1  1  45 

0  26  48 

0 

4  16 

0  16  32 

12 

0  53  0 

1  14  48 

1  0  47 

0  25  39 

0 

4  4 

0  17  30 

13 

0  54  10 

1  14  56 

0  59  47 

0  2131 

0 

3  56 

0  18  29 

14 

0  55  19 

1  15  1 

058  45 

023  25 

0 

350 

0  19  30 

15 

0  56  27 

1  15  3 

0  57  42 

0  22  19 

0 

346 

0  20  32 

16 

0  57  33 

1  15  3 

0  56  38 

0  21  15 

0 

345 

0  21  36 

17 

0  58  38 

1  15  0 

0  55  32 

0  20  12 

0 

3  47 

0  22  41 

18 

0  59  41 

1  14  54 

0  54  25 

0  19  10 

0 

3  51 

0  23  47 

19 

I  043 

1  14  46 

0  53  18 

0  18  10 

0 

358 

024  54 

20 

1  1  43 

1  14  35 

0  52  9 

0  17  11 

0 

4  7 

026  3 

21 

1  2  41 

1  14  22 

0  50  59 

0  16  14 

0 

4  19 

0  27  12 

22 

1  3  38 

1  14  6 

049  49 

0  15  18 

0 

434 

028  22 

23 

1  4  33 

1  13  48 

0  48  38 

0  14  25 

0 

4  51 

029  32 

24 

1  525 

1  13  27 

0  47  26 

0  13  33 

0 

5  10 

0  30  44 

25 

1  6  16 

1  13  3 

0  46  13 

0  12  43 

0 

532 

0  31  55 

26 

1  7  5 

1  12  38 

045  0 

0  11  54 

0 

5  57 

033  8 

27 

1  752 

1  12  9 

0  43  47 

0  11  8 

0 

623 

0  34  20 

28 

1  836 

1  11  39 

0  42  33 

0  10  24 

0 

6  53 

035  33 

29 

1  9  18 

1  11  6 

0  41  20 

0  9  42 

0 

724 

0  36  47 

30  1  1  9  58 

1  10  30 

040  6 

0  9  2 

0 

7  58 

0  38  0 
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f  ABLE  XXXIV. 


ReducHim. 
Argument.    SuppL  of  Node  +  Moon's  Orbit  Longitude. 


0*  Vl* 

!•  VII' 

fI'VIIP 

III'  IX* 

IV*  X' 

V»XI« 

0° 

r  0" 

1'  3" 

1'  3" 

r  0" 

12^  57" 

12*  57" 

1 

6  46 

0  56 

1  10 

7  14 

13  4 

12  50 

2 

6  31 

0  49 

1  18 

7  29 

13  10 

12  42 

3 

6  17 

0  43 

1  26 

7  43 

13  17 

12  33 

4 

6  3 

0  38 

1  35 

7  57 

13  22 

12  25 

5 

548 

0  33 

1  44 

8  12 

13  27 

12  16 

6 

5  34 

0  28 

1  54 

8  26 

13  32 

12  6 

7 

5  20 

0  24 

2  3 

8  40 

13  36 

11  56 

8 

5  6 

0  20 

2  14 

8  54 

13  40 

11  46 

9 

4  53 

0  17 

2  24 

9  7 

13  43 

11  36 

10 

4  39 

0  14 

2  35 

9  21 

13  46 

11  25 

a 

426 

0  12 

2  46 

9  34 

13  48 

11  14 

12 

4  12 

0  10 

2  58 

9  48 

13  50 

11  2 

13 

3  59 

0  9 

3  9 

10  1 

13  51 

10  50 

14 

3  46 

0  8 

3  22 

10  13 

13  52 

10  38 

15 

3  34 

0  8 

3  34 

10  26 

13  52 

10  26 

16 

322 

0  8 

3  46 

10  38 

13  52 

10  13 

17 

3  9 

0  9 

3  59 

10  50 

13  51 

10  I 

Id 

2  58 

0  10 

4  12 

11  2 

13  50 

9  48 

19 

2  46 

0  12 

4  26 

11  14 

13  48 

9  34 

20 

2  35 

0  14 

4  39 

11  25 

13  46 

9  21 

21 

2  24 

0  17 

4  53 

11  36 

13  43 

9  7 

22 

2  14 

0  20 

5  6 

11  46 

13  40 

854 

23 

2  3 

0  24 

5  20 

11  56 

13  36 
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0  24 

0  3 

0  18 

0  56 

1  19 
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28 
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0  57 

1  19 
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29 

0  59 
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0  20 

0  59 

1  19 

1 

30 
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0  22 

1  0 

1  19 
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MoorCs  Horary  Motion  in  Longitude* 
Argument.    Argument  of  the  Reductiou. 
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III» 
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Moon's  Horary  Motion  in  Latitude, 
Argument.    Arg.  I,  of  Latitude. 


OH- 

!•+ 

n-+ 

I1I»— 

1V«- 

v.— 

Oo 

2^58" 

2^34" 

r  29" 

0'  0" 

r29'' 

2'  34'. 
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I. 

MAY,  1886. 

AT  APPARENT  NOON. 

1 

O 

c 
o 

s 

>» 
5 

THE  sun's 

111 

ill 

m 
III 

1 

Diff. 

for 

1  hour. 

Right 
ABceusion. 

Diar. 

for 
1  hour. 

Declination. 

Diff. 

for 

1  hour. 

Sun. 
Mod. 
Taea. 

1 
2 
3 

h.  in.     8. 
2  34  39  -57 
2  38  28  -79 
2  42  18  -56 

B. 

9  -551 
9  -574 
9  -598 

o     /     ''     . 

N.15  10  19  -0 
15  28  15  '4 
15  45  56-6 

44-85 
44  -22 
43  -57 

in,  B. 
1  6  -00 
1  6  -08 
1  6  -16 

in.  K. 
3    6  -12 
3  13  -43 
3  20  -21 

0**-305 
0  -283 
0  -259 

Wod. 
Thur. 
Fiid. 

t 

2  46    8  -90 
2  49  59  -82 
2  53  51  -31 

9  -622 
9  -645 
9  -670 

16    3  22  -2 
16  20  32  -1 
16  37  25  -8 

42  -91 
42  -24 
41  -55 

1  6  -24 
1  6  -32 
1  6  -40 

3  26  -42 
3  32   04 
3  37  -10 

0  -234 
0  -211 
0  -186 

Sat 
Sun. 
Moil 

7 
8 
9 

2  57  43  -38 

3  1  36  '05 
3    5  29  -31 

9  -695 
9  -719 
9  -744 

16  54    3  1 

17  10  23  -7 
17  26  27  -2 

40-86 
40  -15 
39  -43 

1  6-48 
1  6  -56 
1  6  -64 

3  41  -57 
3  45  -44 
3  48  -73 

0-161 
0  -137 
0  -112 

Taes. 
Wed. 
Thur. 

10 
11 
12 

3    9  23  -16 
3  13  17  -61 
3  17  12  -64 

9  -769 
9  -793 
9  -818 

17  42  13  -4 

17  57  41  -9 

18  12  52  -5 

38  -69 
37  -94 
37  -18 

1  6-72 
1  6  -81 

1  6-89 

3  51  -42 
3  53  -53 
3  55  -04 

0  -088 
0  -063 
0  -038 

FriA 

Sat. 

Sun, 

13 
41 
15 

3  21    8  '27 
3  25    4-48 
3  29    1-28 

9  -842 
9  -867 
9  -890 

le  27  44  -9 
18  42  18  -6 
18  56  33  'S 

36  -40 
35  -62 
34-82 

1  6  -97 
1  7  -05 
1  7  -13 

3  55  -96 
3  56  -30 
3  56  -05 

0  -014 
0  -01 0 
0  -034 

Moiu 
Tues. 
Wed. 

16 
17 
18 

3  32  58  -65 
3  36  56  -61 
3  40  55  -10 

9  -915 
9  -937 
9  -960 

19  10  29  -4 
19  24    5  -6 
19  37  22  -3 

34  -01 
33  -20 
32  -36 

1  7-21 
1  7  -29 
1  7  -37 

3  55  -24 
3  53  -86 
3  51  -94 

0  -058 
0  -080 
0-103 

Thur. 

Frid. 

Sat. 

19 
20 
21 

3  44  54  14 
3  48  53  -73 
3  52  53  -85 

9  -983 
10  -005 
10  -026 

19  50  18  -9 

20  2  55   1 
20  15  10  -9 

31  -51 
30  -66 

29  -79 

1  7  -45 
1  7  -53 
1  7  -60 

3  49  -46 
3  46-44 
3  42  -89 

0  -126 
0  -148 
0  -169 

Sun. 
Mon. 
Tuea. 

22 
23 
24 

3  56  54  -47 

4  0  55  -60 
4    4  57  -22 

10  047 
10  068 
10   089 

20  27    5-8 
20  38  39  -7 
20  49  52  '2 

28-91 
28-02 
27  -13 

1  7  -68 
1  7  -75 
1  7  -83 

3  38  -61 
3  34  -28 
3  29-22 

0-190 
0  -211 
0  -232 

Wed. 
Thur. 
Frid. 

25 

26 

27 

4    8  59  -35 
4  13    1  -95 
4  17    5  -02 

10  -108 
10  -128 
10  -148 

21    0  43  -3 
21  11  12  -6 
21  21  19  '9 

26  -22 
25-30 
24  -38 

1  7  -90 
1  7  -96 
1  8  -03 

3  23  -66 
3  17  -62 
3  11  -13 

0  -252 
0  -270 
0  -290 

Sat. 
Sun, 
Mon. 
Tuea. 

28 
29 
30 
31 

4  21    8  «56 
4  25  12  -55 
4  29  16  -99 
4  33  21  -86 

10  -166 
10   185 
10  -203 
10  -221 

21  31    5  -1 
21  40  28  -0 
21  49  28  -4 
21  58    6  -2 

23-45 
22  -52 
21  -58 
20  -62 

1  8  -10 
1  8  16 
1  8  -22 
1  8  -28 

3    4  17 

2  5«-76 
2  48  -90 
2  40  -60 

0  -309 
0  -328 
0  -346 
0  -363 

Wed. 

32 

4  37  27  -17 

N.22    6  21    1 

1  B  -34 

2  31  -89 

Siienal  Time. 

»  pauing  may  be  fbund  by  nibtractioK  te  -18  from  the 
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TABLB  L\. 
MAY,  ieS6. 


II. 


AT  MEAN  NOON. 

i 

1- 

§ 

THE  sun's 

II 
III 

Sidereal 
Time. 

5 

Right 
AacensioQ. 

Declination. 

Semi, 
diam.* 

Sun, 
Mod. 
Tues. 

1 

2 
3 

h.  in.  B. 
2  34  40  -06 
2  38  29  -30 
2  42  19  -09 

N.15  10  21  -3 
15  28  17  -8 
15  45  59  -0 

15  52  -9 
15  52  -7 
15  52  -5 

in.  B. 
3    6  -14' 
3  13   45 
3  20  -22 

h.  m.  6. 
2  37  46  -20 
2  41  42  -75 
2  45  39  -31 

Wed. 
Thur. 
Frid. 

4 

2  46    9  -45 
2  50    0  -39 
2  53  51  -89 

16    3  24  -7 
16  20  34  -6 
16  37  28  -3 

15  52  -2 
15  52  -0 
15  51  -8 

3  26  -43, 
3  32   05 
3  37  -111 

2  49  35  -88 
2  53  32  -44 
2  57  29  -00 

Sat 
Still. 
Mod. 

7 
8 
9 

2  57  43  -98 

3  1  36  -66 
3    5  29  -93 

16  54    5  -615  51  -5 

17  10  26  -2,15  51  -3 
17  26  29  -7115  51    1 

3  41  -58 
3  45  -45 

3  48  -74' 

3    1  25  -56 
3    5  22   11 
3    9  18  -67 

Taes. 

Wed. 
Thur. 

10 
11 
12 

3    9  23  -79 
3  13  18  -24 
3  17  13  -28 

17  42  15  -915  50  -9 

17  57  44  -4 15  50  -7 

18  12  55  -015  50  -5 

1 

3  51  -43 
3  53  -53 
3  55  -04 

3  13  15  -22 
3  17  11  -77 
3  21    8-32 

Frid. 

Sat 

Sun, 

13 
14 
15 

3  21    8  -91 
3  25    5  -13 
3  29    1  -93 

18  27  47  -3 15  50  -3 
18  42  21  -015  50  -1 

18  56  35  -9 15  49  -9 

1 

3  55  -96 
3  56  -30 
3  56  -05 

3  35    4  -87 
3  29    1  -43 
3  32  57  -98 

Mod. 
Tuea. 
Wed. 

16 
17 
18 

3  32  59  -30 
3  36  57  -25 
3  40  55  -74 

19  10  31  -615  49  -7 
19  24    7  -8 15  49  -5 
19  37  24  -4115  49  -3 

3  55-24 
3  53  -86 
3  51  -93 

3  36  54  -54 
3  40  51  -11 
3  44  47  -67 

Thur. 
Frid. 
Sat 

19 
20 
21 

3  44  54  -78 
3  43  54  -36 
3  52  54  -47 

19  50  20  -9 15  49  -1 

20  2  57  '1115  48  -9 
20  15  12  -8115  48  -8 

3  49  -45 
3  46-43 
3  42  -88 

3  48  44-23 
3  52  40  -79 
3  56  37  -35 

Sun, 
Mon. 
Tuea. 

22 
23 
24 

3  56  55   08 

4  0  56  -20 
4    4  57  -81 

20  27    7-6 
20  38  41  -4 
20  49  53  -8 

'l5  48   6 
'15  48  -5 
15  48-3 

3  38-83 
3  34-27 
3  39  -21 

4    0  33  -91 
4    4  30  -47 
4    8  27  -03 

Wed. 
Thur. 
Frid. 

25 
26 
27 

4    8  59  -92 
4  13    2  -51 
4  17    5  -56 

31    0  44  -8 
21  11  14  -0 
21  21  21  -2 

15  48-1 
15  48  -0 
15  47  -8 

3  33*65 
3  17  -61 
3  11  -12 

4  12  33  -57 

14  16  30  -13 
!4  20  16  -68 

Sat 
Sun. 
Mon. 
Tuea. 

28 
39 
30 
31 

4  21    9  -08 
4  25  13  -05 
4  29  17  -47 
4  33  32  -32 

31  31    6  -3 
21  40  29  -1 
31  49  39  '4 
31  58    7  -1 

15  47  -7 
15  47  -5 
15  47  -4 
15  47  -3 

3    4   15 

2  56  -74 
2  48-88 
2  40-59 

'4  34  13  -23 
4  38    9-79 
4  32    6-35 
4  36    3  -91 

Wed. 

32 

4  37  27  -60 

Ni»    6  21  -9 

15  47  a 

3  31  -88 

4  39  59  -48 

Mean  Noon. 

.^ai-Mi  Noon  may  be  aMnmad  the  aane  aa  that  Ibi 
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II] 

[. 

MAY, 

1836. 

MEAN  TIME. 

J3 

C 

o 

1 

3 

THE  sun's 

Logarithm 
of  the 
Radios 
Vector 
of  the 
Earth. 

THE  moon's 

Longitude. 

Lati. 
tude. 

Semidiameter. 

Horizontal 
Parallax. 

Noon, 

Noon. 

Noon. 

iVbofi. 

Mid- 
flight. 

Noon. 

Afirf. 
night. 

41  5  56  -6 

42  4  3  -3 

43  2  8-4 

N.0  -40 
0  -27 
0  14 

0  -0036278 
0  -0037345 
0  -0038404 

16  27  -2 
16  31  -3 
16  31  -2 

16  29  -8 
16  31  -8 
16  29  -5 

60  22  -7 
60  37  -9 
60  37  -3 

60  32  -2 
60  39  -5 
60  31  -2 

4 
5 
6 

44  0  12  -0 

44  58  14  -3 

45  56  15  0 

N.O  -02 

S.0  -08 

0  -15 

0  -0039458 
0  -0040506 
0  -0041544 

16  26  -9 
16  19  -4 
16  9  -5 

16  23  -5 
16  14  -7 
16  4  -1 

60  21  -7 
59  54  1 

59  17  -8 

60  9  -1 
59  36  -8 
58  57  -9 

7 
8 
9 

46  54  14  -4 
,47  52  12  -4 
48  50  9-2 

0  -20 
0  -23 
0  -22 

0  -0042572 
0  -0043587 
0  -0044588 

15  58  -0 
15  47  -2 
15  36  -2 

15  52  -8 
15  41  -6 
15  31  -0 

58  37  -6 

57  55  -8 
57  15  -7 

58  16  -5 
57  35  -4 
56  56  -6 

10 
11 
12 

49  48  4-7 
;50  45  58  -8 
51  43  51  -7 

0  -18 

0  -10 

S.0  -01 

0  -0045575 
0  -0046545 
0  -0047499 

15  26  -0 
15  16  -8 
15  8  -5 

15  21  -3 
15  12  -5 
15  4  -7 

'56  38  -2 
56  4-4 
55  33  -9 

56  20  -8 
55  48  -6 
55  20  -1 

13 
14 
15 

52  41  43  -3 

53  39  33  -6 

54  37  22  -6 

N.0  -10 
0  '23 
0  -37 

0  0048433 
0  -0049349 
0  -0050244 

15  1  -2 
14  55  -0 
14  49  -9 

14  57  -9 
14  52  -3 
14  47  -7 

55  7  -3 
54  44-3 
54  25  -6 

54  55  -2 
54  34  -5 
54  17  -7 

16 
17 
18 

'55  35  10  -2 

56  32  56  -5 

57  30  41  2 

0  -50 
0  -63 
0  -74 

0  -0051119 
0  -0051972 
0  -0052805 

14  45  -9 
14  43  -4 
14  42  5 

14  44  -5 

14  42  -7 
14  42  -7 

54  11  -1 
54  1  -8 
53  58  -4 

54  5  -7 
53  59  -4 
53  59  -4 

19 
20 
21 

58  28  24  -5 

59  26  6  .2 

60  23  46  -4 

0  -83 
0  -90 
0  -94 

0  -0053616 
0  -0054407 
0  0055181 

14  43  -5 
14  46  -5 
14  52  -0 

14  44  -7 
14  48  -9 
14  55  -7 

54  2  -0 
54  13  -2 
54  33  -4 

54  6-6 
54  22  I 

54  46-8 

22 
23| 
24' 

61  21  25  -0 

62  19  2  0 

63  16  37  -4 

0-95 
0  -93 

0  -88 

0  0055936 
0  -0056674 
0  -0057396 

14  59  -9 

15  10  -4 
15  23  -2 

15  4  -9 
15  16  -5 
15  30  -3 

55  2  -4 

55  41  -0 

56  27  -6 

55  20  -6 

56  3  -4 
56  54  -0 

27 

64  14  11  -5 
6^>  11  44  1 
66  9  15  -4 

0  -80 
0  -70 
0  -58 

0  0058103 
0  -005871)8 
0  -0059460 

15  37  -8 

15  53  -4 

16  8  -8 

15  45  -5 

16  1  -2 
16  15  -9 

57  21  -5 

58  18  -7 

59  15  -2 

57  49  -9 

58  47  -3 

59  41  -4 

28 
29 
30 
31 

67  6  45  '4 
,68  4  14  -3 
69  1  42  2 
69  59  9-1 

0  -45 
0  -32 

U  -18 
N.0  -06 

0  0060147 
0  -0060804 
0  -0061448 
0  -0062079 

16  22-6 
16  33  -3 
16  39  -7 
16  41  -1 

16  28  -4 
16  37  -1 
16  41  -0 
16  39  -9 

60  5-7 

60  45  -1 

61  8-7 
61  13  -8 

60  27  -1 

60  59  1 

61  13  -5 
61  9  -3 

32 

70  56  35  -1 

S.0  05 

0  0062700 

16  37  -4 

16  33  -8 

61  0-0 

60  46-9 
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TABLE  LV. 
MAY|  1836. 


IV. 


MEAN  TIME. 


8 

•5 


Sun. 
Mon. 
Tue». 

Wed. 
Thur. 
Ffid. 

Sat. 
Sun. 

Tiws. 
Wod. 
Thur. 

Frid. 

Sat. 
Sun. 

Mon. 
Tues. 
Wed. 

Thur. 
Frid. 
Sat. 

Sun. 
Moo. 
Tues. 

Wed. 
Thur. 
Frid. 

Sat. 
Sun. 
Moo. 


THE  moon's 


Longitude. 


Noon. 


223  24  44  -6 
238  14  0  -4 
253  7  3 


230  48  24  -7  N.O  36  44 
245  40  32  -3  S.0  45  18 
260  32  39-3   2  4  37 


4267  56  26 

5  282  35  36 

6  296  59  36  -8 


311  5  24 
324  51  42 
338  18  35  *0 


351  27  10 

4  19  6 

16  56  20 


29  20  48  -0 

41  34  23  -5 

53  38  56  -6 

65  36  18  -6 

77  28  30  -4 

89  17  47  -4 

lOl  6  48  -l 

112  58  35  -7 

124  56  39  -4 


275  17  38  -7 
289  49  43  -9 
304  4  54  -5 

318  1  1  -4 
331  37  31  -7, 

344  55  4  -2, 

357  55  6  '3 
10  39  26  -4 
23  10  2  -7 

35  28  50  -3 
47  37  41  -1 
59  38  24  -2 


137  4  51 
149  27  19 
162  8  10  -8 


175  11  12  -1 
188  39  21  -7 
202  34  10 


216  55  6-2 

231  39  3 

246  40  8  -5 

261  50  9  -7 


Wed.  321276  59  83  -8284  31  2  -3 


Midnight. 


Latitude. 


Noon. 


3209 


71  32  55 
83  23  21 
95  12  9  -2 


107  2  8-7 
118  56  36  -5 
130  59  14  -3 


143  14  2 
155  45  12 
168  36  42  -7 


181  52  0 
195  33  24 
41  29  -8 


224  14  29 
7  55 
254  14  37  -0 
269  25  32  -6 


3  15  14 

4  12  12 

4  52  10 

5  13  34 
5  16  20 
5  1  33 

4  31  10 
3  47  39 
2  53  47 

1  52  33 

S.0  47  0 
N.0  19  50 


1  25  8  -9 

2  26  15  0 

3  20  47  '4 


4  642 

4  42  13 

5  5  49  -6 


5  16  13  -2 
5  12, 19  -7 
4  53  22-1 

4  18  57  -4 
3  29  26  -4 
2  26  11  -1 

N.l  11  57  -4 
S.0  8  53*2 

1  30  34  1 

2  46  35  -6 


Midnight. 


S.0  4  13  -5 

1  25  41  -7 

2  41  22  -2 

3  45  41  1 

4  34  27  -4 

5  5  J4  -4 

5  17  14  -5 
5  11  2  O 
4  48  10  1 


4  10  53 
3  21  50 
2  23  54  -4 


1  20  8  -3 
S.0  13  33  -9 
N.0  52  51  -9 

1  56  23  *0 

2  54  28  -7 

3  44  56  -7 

4  25  52  1 

4  55  36  -2 

5  12  45  -1 


5  16  7 
5  4  46 
4  36  5 


3  56  2  -2 

2  59  23  -7 

1  50  12  -6 

N.0  32  2  -0 

S.0  50  1  -5 

2  9  41  7 

3  30  29  -8 


S.3  50  45  -6  S.4  16  49  -7  16  -9  14  29  -7 


Age. 


"< 


d. 

15  .5 

16  -5 

17  -5 


18 
19 
20  -5 


5 
•5 
2»-5 


27  -5 

28  -5 

29  -5 

0  -9 

1  -9 
2-9 

3  -9 

4  -9 

5  -9 

6  -9 

7  -9 
8-9 

9  -9 

10  -9 

11  -9 

12  -9 
13-9 

14  '9 

15  -9 


•IS 


18  39 

19  29 

20  15  -8 


20  59 

21  41 

22  24  -O) 


h.  i:i. 

12  35  01 

13  34 

14  37  -J 


15  41 

16  45 

17  44  »8| 


•1 


23  7  -0 
23  51  -5 

6 

0  38  -0 

1  26  -6 

2  16  -7 

3  7-5 

3  58  -0 

4  47  *3 

5  35  H) 

6  21  1 

7  6-2 

7  51  -1 

8  37  -2 

9  25  -6 

10  17  -8 

11  14  -9 

12  17  -2 

13  23  1 
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VIII. 

MAI 

,  1836. 

MEAN  TIME. 

THE  moon's  right  ASCENSION  AND  DECLINATION. 

1 

Right 
AacensioD. 

Declination. 

1 
1 

Right 
Ascension. 

Declination. 

ii 

FRIl 

}AY  13. 

SUNDAY  15. 

h.  ro.  ■. 

o      /     " 

" 

h.  m.  ff. 

o       /      /' 

" 

0 

1  51  49  -41 

N.  9  29  48  -4132   95 

0 

3  24  41  -e-) 

N.19     1  24  -7 

101  -38 

1 

1  53  43  -44 

9  43    6  -1 133 

•47 

1 

3  26  41  -88 

19  11  33   0 

100  -52 

3 

1  55  35  -55 

9  56  20  -9  132 

•03 

2 

3  28  42  26 

19  21  36   1 

99  ^65 

3 

1  57  38  -75 

10    9  33   0131 

•53 

3 

3  30  43  -84 

19  31  34   0 

98-77 

4 

1  59  33  -05 

10  22  42  -la  131 

•05 

4 

3  32  43  -62 

19  41  26  -6 

97  ^88 

5 

3    1  15  -44 

10  35  48  -5 130 

•55 

5 

3  34  44  •eO 

19  51  13  -9 

97   00 

6 

3    3    8  -93 

10  48  51  -8  130 

•05 

6 

3  36  45  -77 

20    0  55  •g 

96   10 

7 

3    5    3  -53 

11     1  52  •1'129 

•53 

7 

3  38  47    14 

20  10  32  '5 

95   18 

8 

3    6  56  -33 

11  14  49  -3  139 

•03 

8 

3  40  48  ^72 

20  20    3  •e 

94  -27 

9 

3    8  50  04 

11  37  43  -4  138 

•48 

9 

3  42  50  •49 

20  29  29  -2 

93  -35 

10 

3  10  43  -96 

U  40  34  '3127 

•95 

10 

3  44  52   46 

20  38  49  ^3 

92  -42 

11 

3  13  37  -99 

11  53  33   0127 

•43 

11 

3  46  54  -64 

20  48    3  '8 

91  ^48 

13 

3  14  33   14 

13    6    6  '5136 

•85 

12 

3  48  57  -01 

20  57  12  -7 

90  53 

13 

3  16  36  -43 

13.18  47  -6136 

•38 

13 

3  50  59  ^59 

21     6  15  ^9 

83  ^58 

14 

3  18  20  -81 

13  31  35  '3125 

•73 

14 

3  53    2   37 

21  15  13  *4 

88  ^62 

15 

3  30  15  .34 

12  43  59  .7,125 

•13 

15 

3  55    5   34 

21  24    5  -1 

87  -63 

16 

3  33    9-99 

13  56  30  -5134 

•55 

16 

3  57    8  ^52 

21  32  50  -9 

86  '68 

17 

3  34    4  '78 

13    8  57  -8 123  -97  | 

17 

3  59  11  ^91 

.  21  41  31  -0 

85  •GS 
84-70 

18 

3  35  59  -70 

13  31  31  -6 133 

•35 

18 

4    1  15  ^49 

21  50    5  -1 

19 

2  37  54  -76 

13  33  41  -7132 

•75 

19 

4    3  19  -27 

21  58  33  -3 

83  -68 

30 

2  39  49  -97 

13  45  58  -3  132 

•13 

20 

4    5  23  -25 

22    6  55  -4 

82  -70 

31 

3  31  45  31 

13  58  10  '9,131 

•48 

21 

4    7  27  ^44 

22  15  11   6 

81  -67 

33 

3  33  40  -80 

14  10  19  -8120 

•8? 

22 

4    9  31  -82 

22  23  21  -6 

80  -67 

33 

3  35  36  '44 

N.14  33  35   0 130  -30  | 

23 

4  11  36  ^40 

SSm  31  25  -6   79  -63 

SAT 

URDAY  14. 

MOi 

NDAY  IQ, 

0 

3  37  33  -33 

N.14  34  36  -2119 

•57 

0  4  13  41  -17 

N.22  39  23   4 

78  ^58 

1 

3  39  38  '16 

14  46  23  -G 

118 

•88 

1 

4  15  46  •IS 

22  47  14  -9 

77  '57 

3 

3  41  34  -35 

14  58  16  -9 

118 

•23 

2 

4  17  51  •32 

22  55    0  •S 

76  -50 

3 

3  43  30  -51 

15  10    6  -3,117 

•53 

3 

4  19  56  ^69 

23    2  39  -3 

75  ^45 

4 

3  45  16  -9^2 

15  21  51  -sue 

•87 

4 

4  22    2  -25 

23  10  12  •O 

74  ^38 

5 

3  47  13  -49 

15  33  32  -7116 

•15 

54  24    8  -01 

23  17  38  ^3 

73  -32 

6 

3  49  10  -33 

15  45    9  '6115 

•47 

64  26  13  -96 

23  24  58  -2 

72  25 

7 

3  51     7  -14 

15  56  42  -4  114 

•75 

7 

4  28  20    10 

53  32  11    7 

71  •IS 

8 

3  53    4  -21 

16    8  10  -9 

114 

•03 

8 

4  30  26  -43 

23  39  18  ^6 

70  ^07 

9 

3  55    1-45 

16  19  35  '0 

113 

•30 

9 

4  32  32  -95 

23  46  19  •O 

68  ^97 

iO 

2  56  58, '87 

16  30  54  -8 

112 

•55 

10 

4  34  39  ^65 

23  53  12  ^8 

67  ^87 

11 

3  58  56  '46 

16  42  10  -1 

111 

•82 

11 

4  36  46  ^55 

24    0    0   0 

66  -75 

13 

3    0  54  -22 

16  53  21   0 

111 

•07 

12 

4  38  53   63 

24    6  40  5 

65  ^63 

13 

3    3  52   16 

17    4  27  -4 

110 

•30 

13 

4  41     0-88 

24  13  14  -3 

64  ^52 

14 

3    4  50  -28 

17  15  29  -2 

109 

•52 

14 

4  43    8  32 

24  19  41  -4 

63-38 

15 

3    6  48  -58 

17  26  26  -3  108 

•75 

15 

4  45  15  ^93 

24  26    1  -7 

62  -25 

16 

3    8  47  -07 

17  37  18-8107 

•97 

16,4  47  23  -72 

24  32  15  2 

61  -10 

17 

3  10  45  -73 

17  48    6  -6  107 

•17 

1714  49  31  -69 

24  38  21    8 

59  -95 

18 

3  12  44  -59 

17  58  49  -6  106 

•37 

18l4  51  39  '83 

24  44  21   5 

58  ^82 

19 

3  14  43  -63 

18    9  27  -8 105 

•55 

19  4  53  48^14 

24  50  14  -4 

57  ^65 

30 

3  16  42  -86 

18  20    1  -1 104 

•73 

20 

4  55  56  -62 

24  56    0  -3 

56  -48 

21 

3  18  42  -28 

18  30  29  -5  103 

•90 

21 

4  58    5  ^27 

25    1  39  -2 

55   32 

23 

3  30  41  -89 

18  40  52  -9  103 

•08 

225    0  14  -07 

25    7  11    1 

54    13 

33 

3  22  41  -69 

18  51  11  -4102 

•S3 

235    2  23   04 

25  12  35  -9 

52  -97 

24 

3  24  41  -69 

N.19    1  24  -7 

24|5    H  32   17 

N.25  17  53   7 
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TABLE  LTI. 


Second  Differences, 


Hours  &  Min. 

r 

2' 

3' 

4' 

5' 

6' 

r 

8r 

9' 

lO' 

ir 

h.  m. 
0    0 
0  10 
0  20 

h.  rn. 
12    0 
U  50 
11  40 

It 

0.0 
0.4 
0.8 

It 

0.0 
0.8 
1.6 

0.0 
1.2 

'  2.4 

It 

o:o 

1.6 
3.2 

0.0 
2.0 
4.1 

It 

0.0 
2.4 
4.9 

0.0 
2.9 
5.7 

II 
0.0 

a3 

6.5 

11 

0.0 
3.7 
7.3 

It 

0.0 
4.1 
&1 

II 

0.0 
45 
8.9 

0  30 
0  40 
0  60 

11  30 
11  20 
11  10 

1.6 
1.9 

2.4 
3.1 
3.9 

3.6 
4.7 

5.8 

4.8 
6.3 
7.8 

6.0 
7.9 
9.7 

75 

9.4 

11.6 

8.4 
11.0 
13.6 

9.6 
12.6 
15.5 

10.8 
145 
174 

12.0 
15.7 
194 

135 
17.3 
214 

1    0 
1  10 
13  0 

11    0 
10  50 
10  40 

2.3 
2.6 
3.0 

4.6 
5.3 
5.9 

6.9 
7.9 
8.9 

9.2 
10.5 
11.9 

11.5 
13.2 
14.8 

13.8 
15.8 
17.8 

16.0 
184 
20.7 

18.3 
21.1 
23.7 

20.6 
23.7 
26.7 

22^ 
263 
29.6 

255 
29.0 
32.6 

1  30 

1  40 
1  50 

10  30 
10  20 
10  10 

3.3 
3.6 
3.9 

6.6 
7i2 

7,8 

9.8 
10.8 
11.6 

13.1 
14.4 
15.5 

16.4 
17.9 
19.4 

19.7 
21.5 
23.3 

23.0 
25.1 
275 

26.3 

2a7 

31.0 

29J{ 
32.3 
34.9 

32.8 
35.9 
38.8 

36J 
39.5 
42.7 

2    0 
2  10 
2  20 

10    0 
9  50 
9  40 

4J2 
44 
4.7 

8.3 
8.9 
9.4 

12.5 
13.3 
14a 

16.7 

17.8 
18.8 

20.8 
225 
23.5 

25.0 
26.6 
285 

295 
3U 
32.9 

33.3 
35.5 
37.6 

37.5 
40U) 
42.3 

41.7 
444 
47.0 

45.8 
4a8 
51.7 

2  30 
240 
250 

9  30 
9  20 
9  10 

4.9 
5.2 
5.4 

9.9 
10.4 
10.8 

14.8 
15.6 
16i2 

19.8 
20.7 
21.6 

24.7 
259 
27.1 

29.7 
31.1 
32.5 

34^6 
36.3 
37.9 

39.6 
41.5 
43.3 

445 

46.7 

4a7 

49.5 
51.9 
541 

544 

57.0 
59.5 

3    0 
3  ]0 
3  20 

9    0 
850 
840 

5.6 
5.8 
6.0 

11.3 
11.7 
12.0 

16.9 
17.5 
18.1 

22.5 
23.3 
24.1 

28.1 
29.1 
30.1 

33.8 
35.0 
36.1 

394 
40.8 
42.1 

45.0 
46.6 
48J 

50.6 
524 
545 

56.3 
5a3 
605 

61.9 
64.1 
665 

330 
3  40 
3  50 

830 
8  20 
8  10 

6J2 
6.4 
6.5 

12.4 
12.7 
13.0 

18.6 
19.1 
19.6 

24.8 
25.5 
26.1 

31.0 
31.8 
32.6 

375 
385 
391 

434 
44.6 
45.7 

49.6 
50.9 
525 

55.8 
57;3 

5a7 

62.0 
63.7 
655 

685 

70.0 
71.7 

4    0 
4  10 

4^0 

8    0 
750 
7  40 

6.7 
6.8 
6.9 

13.3 
13.6 
13.8 

20.0 
20.4 
20.8 

26.7 
275 
27.7 

33.3 
34.0 
34.6 

40.0 
40.8 
41.5 

46-7 
47-6 
48-4 

53.3 
544 
554 

60.0 
615 
62.3 

66.7 
68.0 
695 

73.3 
74.8 
76.1 

4  30 
4  40 
4  50 

7  30 
7  20 
7  10 

7.0 
7.1 
75 

14.1 
14.3 
14.4 

21.1 
21.4 
21.6 

aai 

S8.5 
28.9 

355 
35.6 
36.1 

425 

42.8 
43.3 

495 
49.9 
50.5 

565 
57.0 
57J 

63.3 

645 
64.9 

7a3 

71.3 
72.2 

77.3 
784 
794 

5    0 
5  10 
520 

7    0 
6  50 
640 

7.3 
7.4 
74 

14.6 
14.7 
14.8 

21.9 
22.1 
22i2 

295 
29.4 
29-6 

36.5 

36.8 
37.0 

43.8 
44.1 
44.4 

51-0 
51-5 
51-9 

58.3 
58.8 
59.3 

65.6 
665 
66.7 

72.9 
73.6 
741 

805 
80.9 
61JS 

5  30 
5  40 

5  50 

6  0 

6  30 
620 
6  10 
6    0 

7.4 
7.5 
7.5 
7.5 

14.9 
15.0 
15.0 
15.0 

22^ 
22.4 
22.5 
22.5 

29.8 
29.9 

3ao 

30.0 

375 
37.4 
37.5 
37.5 

44.7 
44.9 
45.0 
45.0 

52.1 
52.3 
52.5 
52.5 

59.6 
59.8 
60.0 
60.0 

67.0 
67.3 
674 
67.5 

745 
74.8 
74.9 
75.0 

815 
825 

mA 

82.5 
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Second  Differences. 


Hoara  &  Min. 

10' 

20" 

30" 

40" 

50" 

1" 

3" 

3" 

4" 

5" 

6" 

r 

8" 

9" 

h.  m. 
U    0 
0  10 
0  20 

h.  m. 
13    0 
11  50 
11  40 

n 

0.0 
0.1 
0.1 

0.0 
0.1 
0^ 

n 

0.0 
05 
0.4 

0.0 
0.3 
0.5 

0.0 
0.3 
0,7 

0.0 
0.0 
0.0 

It 

0.0 
0.0 
0.0 

n 

0.0 
0.0 
0.0 

It 

0.0 
0.0 
0.1 

0.0 
0.0 
0.1 

It 

0.0 
0.0 
0.1 

n 

0.0 
0.0 
0.1 

0.0 
0.1 
0.1 

n 

0.0 
0.1 
0.1 

0  30 
0  40 
050 

11  30 
11  30 
11  10 

0^ 
0.3 
0.3 

0.4 
0.5 

a6 

0.6 
0.8 
1.0 

0.8 
1.0 
1.3 

1.0 
1.3 
1.6 

0.0 
0.0 
OX) 

0.0 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
05 

0.1 
05 
05 

0.1 
05 
05 

05 
05 
03 

05 
05 
03 

1    0 
1  10 
1  90 

11    0 
10  50 
10  40 

0.4 
0.4 
0.5 

0-8 
0.9 
1.0 

1.1 
1.3 
1.5 

U 
1.8 
3.0 

IJ 
35 
3.5 

0.0 
0.0 
0.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

05 
05 
05 

05 
05 
05 

05 
03 
03 

03 
03 
03 

03 
04 
04 

03 
04 
04 

1  30 
1  40 
1  50 

10  30 
10  30 
10  10 

0.5 
0.6 
0.6 

1.1 
15 
U 

1.6 

1.8 
1.9 

35 
3.6 

3.7 
3.0 
35 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

05 
05 
05 

05 
05 
03 

03 
03 

03 

03 
0.4 
0.4 

0.4 
04 
03 

04 
03 
03 

03 
03 
0.6 

3    0 
3  10 
a  30 

10    0 
9  50 
9  40 

0.7 
0.7 
0.8 

1.4 
1.5 
1.6 

2.1 

25 
2.3 

3.8 
3.0 
3.1 

3.5 
3.7 
3.9 

0.1 
0.1 
0.1 

0.1 
0.1 
05 

05 
05 
05 

03 
0.3 
03 

03 
0.4 
0.4 

0.4 
0.4 
03 

03 
03 
03 

0.6 
0.6 
0.6 

0.6 
0.7 
0.7 

2  30 

3  40 
3  50 

9  30 
9  30 
9  10 

0.8 
0.9 
0.9 

1.6 
1.7 
1.8 

2.5 
2.6 
2.7 

3.3 
3.5 
3.6 

4.1 
4.3 
4.5 

0.1 
0.1 
0.1 

05 
05 
05 

0.3 
0.3 
03 

03 
03 
0.4 

0.4 
0.4 
03 

03 
03 
03 

0.6 
0.6 
0.6 

0.7 
0.7 
0.7 

0,7 
03 
0.8 

3    0 
3  10 
3  30 

9    0 
8  50 
8  40 

0.9 
1.0 
1.0 

1.9 
1.9 
2.0 

3.8 
3.9 
3.0 

3.8 
3.9 
4.0 

4.7 
4.9 
5.0 

0.1 
0.1 
0.1 

05 
05 
05 

0.3 
03 
03 

0.4 
0.4 
0.4 

03 
03 
03 

0.6 
0.6 
0.6 

0.7 
0.7 
0.7 

0.7 
03 
0.8 

03 
03 
03 

3  30 
3  40 
3  50 

830 
830 
8  10 

1.0 
1.1 
1.1 

2.1 
2.1 
25 

3.1 
35 
3.3 

4.1 
45 
4.3 

55 
5.3 
5.4 

0.1 
0.1 
0.1 

05 
05 
05 

03 
03 
03 

0.4 
0.4 
0.4 

03 
03 
03 

0.6 
0.6 
0.7 

0.7 
0.7 
03 

03 
0.8 
03 

03 
13 
13 

4    0 
4  10 

4  30 

8    0 
7  50 
7  40 

1.1 
l.l 
li2 

35 
3.3 
3.3 

33 

3.4 
3.5 

4.4 
4.5 
4.6 

5.6 
5.7 
5.8 

0.1 
0.1 

ai 

05 
05 
05 

03 
03 
03 

0.4 
0.5 
0.5 

0.6 
0.6 
0.6 

0.7 
0.7 
0.7 

03 
0.8 
0.8 

03 
03 
03 

13 
13 
13 

430 

4  40 
4  50 

7  30 
7  20 
7  10 

1.3 
ISi, 

3.3 
2.4 
2.4 

3.5 

3.6 
3.6 

4.7 

4.8 
4.8 

5.9 
5.9 
6.0 

0.1 
0.1 
0.1 

05 
05 
05 

0.4 
0.4 
0.4 

0.5 
0.5 
0.5 

0.6 
0.6 
0.6 

0.7 
0.7 
0.7 

0.8 
0.8 
0.8 

0.9 
1.0 
1.0 

1.1 
1.1 
1.1 

5    0 
5  10 
530 

7    0 
6  50 
640 

15 
1.3 

2.4 
2.5 
2.5 

3.6 
3.7 
3.7 

4.9 
4.9 
4.9 

6.1 
6.1 
6.1 

0.1 
0.1 
0.1 

05 
0.2 
05 

0.4 
0.4 
0.4 

0.5 
0.5 
0.5 

0.6 
0.6 
0.6 

0.7 
0.7 
0.7 

0.9 
03 
03 

1.0 
1.0 

1.0 

1.1 
1.1 
1.1 

5  30 
5  40 

5  50 

6  0 

6  30 
6  30 
6  10 
6    0 

li2 
15 
15 
1.3 

2.5 
2.5 
23 
2.6 

3.7 
3.7 
3.7 
3.8 

5.0 
5.0 
5.0 
5.0 

65 
65 
65 
63 

0.1 
0.1 
0.1 
OJ 

05 
05 
05 
05 

0.4 
0.4 
0.4 
0.4 

0.5 
03 
03 
03 

0.6 
0.6 
0.6 
0.6 

0.7 
0.7 
0.7 
0.7 

0.9 
03 
03 
03 

1.0 
1.0 
1.0 
1.0 

1.1 
1.1 
1.1 
1.1 
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Third  Differences. 


Time  after 

Time  after 

noon  or 

10" 

20" 

30" 

40" 

50" 

V 

2^ 

3' 

4' 

5' 

noon  or 

midnight. 

inidiii|rhi. 

-f 

// 

» 

n 

" 

II 

It 

II 

// 

II 

" 

_ 

Oh.   Om. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

12h.  Om. 

0    30 

0.0 

0.1 

0.1 

0.1 

05 

05 

0.4 

0.5 

0.7 

0.9 

11    30 

1      0 

0.1 

0.1 

Oi2 

05 

0.3 

0.3 

0.6 

1.0 

1.3 

\L 

11      0 

1    30 

0.1 

0.1 

Oi2 

0.3 

0.3 

0.4 

0.8 

15 

1.6 

2.1 

10    30 

2      0 

0.1 

0.2 

Oi2 

0.3 

0.4 

0.5 

0.9 

1.4 

1.9 

2.3 

10      0 

2    30 

0.1 

0.2 

Oi2 

0.3 

0.4 

0.5 

1.0 

1.4 

1.9 

2.4 

9    30 

3      0 

0.1 

0.2 

05 

0.3 

0.4 

0.5 

0.9 

1.4 

1.9 

2.3 

9      0 

3    30 

0.1 

0.1 

0^2 

0.3 

0.4 

e.4 

0.9 

1.3 

1.7 

25 

8    30 

4      0 

0.1 

0.1 

Oi2 

0.2 

0.3 

0.4 

0.7 

1.1 

1.5 

1.9 

8      0 

4    30 

0.0 

0.1 

0.1 

0.2 

0.2 

0.3 

0.6 

0.9 

15 

1.5 

7    30 

5      0 

0.0 

0.1 

0.1 

0.1 

05 

05 

0.4 

0.6 

0.8 

1.0 

7      0 

5    30 

0.0 

0.0 

0.1 

0.1 

0.1 

0.1 

05 

0.3 

0.4 

0.5 

6    30 

6      0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6      0 

+ 

TABLE    LVllI. 


Fourth  Differences. 


Time  after 

Time  after 

noon  or 

10" 

20" 

30" 

40" 

50" 

r 

2' 

3' 

noon  or  mid- 

midnight. 

night 

h.   m. 

II 

II 

II 

II 

II 

II 

H 

II 

b.    m. 

0      0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

12      0 

0    30 

0.0 

0.1 

0.1 

0.1 

05 

05 

0.4 

0.6 

11    30 

1      0 

0.1 

0.1 

05 

0.3 

0.3 

0.4 

0.8 

15 

11      0 

1    30 

0.1 

05 

0.3  . 

0.4 

0.5 

0-6 

15 

1.7 

10    30 

2      0 

0.1 

05 

0.4 

0.5 

0.6 

0.7 

1.5 

25 

10      0 

3    30 

0.1 

0.3 

0.4 

0.6 

0.7 

03 

1.8 

2.7 

9    30 

3      0 

tf5 

0.3 

0.5 

0.7 

0.9 

1.0 

2.1 

3.1 

9      0 

3    30 

05 

0.4 

0.6 

0.8 

0.9 

1.1 

23 

3.4 

8    30 

4      0 

05 

0.4 

0.6 

0.8 

1.0 

15 

2.5 

3.7 

8      0 

4    30 

05 

0.4 

0.7 

0.9 

1.1 

1.3 

2.6 

3.9 

7    30 

5      0 

05 

0.5 

0.7 

0.9 

1.1 

1.4 

2.7 

4.1 

7      0 

5    30 

05 

0.5 

0.7 

03 

15 

1.4 

2.8 

45 

6    30 

6      0 

05 

0.5 

0.7 

oa) 

15 

1.4 

2.6 

45 

6      0 
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Mercury's  Epoch$, 


M.Lonff. 

Aphelion. 

Node. 

II. 

III. 

■   O   '   "   . 

B   0   '   " 

g  0   '   /' 

~ 

1835 

7  11  3  34 

8  14  53  47 

1  16  31  44 

11 

1559 

lKd6  B. 

9  8  53  11 

8  14  53  43 

1  16  22  26 

377 

1935 

1837 

11  2  35  14 

8  14  54  39 

1  16  23  8 

336 

338 

1838 

0  26  18  18 

8  14  55  35 

1  16  23  50 

396 

593 

183!^ 

2  20  1  21 

8  14  56  31 

1  16  24  32 

355 

955 

1840  a 

4  17  49  58 

8  14  57  37 

1  16  25  15 

317 

1330 

1841 

6  11  33  1 

8  14  58  33 

1  16  25  57 

176 

1683 

1842 

8  5  16  5 

8  14  59  19 

1  16  26  39 

135 

3047 

1843 

9  28  59  8 

8  15  0  15 

1  16  27  21 

95 

351 

1844  B. 

11  26  47  45 

8  15  1  11 

1  16  28  3 

56 

717 

1845 

1  10  30  48 

8  15  3  7 

1  16  28  45 

15 

1083 

1846 

3  14  13  52 

8  15  3  3 

1  16  29  27 

380 

1450 

1847 

5  7  56  55 

8  15  3  59 

1  16  30  10 

340 

1816 

1848  B. 

7  5  45  32 

8  15  4  55 

1  16  30  52 

300 

113 

1849 

8  29  28  35 

8  15  5  51 

1  16  31  34 

360 

478 

1850 

10  23  11  39 

8  15  6  47 

1  16  32  16 

320 

844 

1851 

0  16  54  42 

8  15  7  43 

1  16  32  58 

180 

1309 

lc«52  B. 

2  14  43  19 

8  15  8  39 

1  16  33  40 

140 

1575 

1853 

4  8  26  22 

8  15  -9  35 

1  16  34  23 

100 

1940 

1854 

6  2  9  26 

8  15  10  31 

1  16  35  5 

59 

335 

1855 

7  25  52  29 

8  15  11  37 

1  16  35  47 

19 

600 

1856  B. 

9  23  41  6 

8  15  13  33 

1  16  36  39 

385 

966 

1857 

11  17  34  9 

8  15  13  19 

1  16  37  11 

845 

1331 

1858 

1  11  7  13 

8  15  14  15 

1  16  37  53 

304 

1696 

1859 

3  4  50  16 

8  15  15  11 

1  16  38  35 

364 

3061 

1860  B. 

5  2  38  53 

8  15  16  7 

1  16  39  18 

334 

357 

1861 

6  26  21  56 

8  15  17  4 

1  16  40  0 

184 

783 

1863 

8  30  5  0 

8  15  18  0 

1  16  40  43 

144 

1087 

1863 

10  13  48  3 

8  15  18  56 

1  16  41  34 

103 

1453 

1864  B. 

0  11  36  40 

8  15  19  53 

1  16  43  6 

64 

1818 

1865 

2  5  19  43 

8  15  20  48 

1  16  43  48 

34 

113 

1866 

3  29  2  47 

8  15  31  44 

1  16  43  30 

389 

478 

1867 

5  23  45  50 

8  15  f3  40 

1  16  44  13 

348 

.  843 

1868  B. 

7  20  34  27 

8  15  23  36 

1  16  44  55 

309 

1309 

1869 

9  14  17  30 

8  i5  24  32 

1  16  45  37 

368 

1574 

1870 

11  8  0  34 

8  15  25  28 

1  16  46  19 

328 

1939 

1871 

1  1  43  37 

8  15  26  34 

1  16  47  1 

188 

334 

1873  B, 

2  29  32  14 

8  15  37  30 

1  16  47  43 

148 

599 

1873 

4  29  15  17 

8  15  38  16 

1  16  48  36 

108 

965 

1874 

6  16  58  21  , 

8  15  29  12 

1  16  49  8 

67 

1330 

1875 

8  10  41  24 

8  15  30  8 

1  16  49  50 

27 

1695 

1876  B. 

10  8  30  1 

8  15  31  4 

1  16  50  33 

393 

8061 

1877 

0  3  13  4 

8  15  32  0 

1  16  51  14 

353 

356 

1878 

1  25  56  8 

8  15  32  56 

1  16  51  56 

313 

730 

1879 

3  19  39  11 

8  15  33  52 

1  16  53  38 

373 

1086 

1880  B. 

5  17  27  48 

8  15  34  48 

1  16  53  21 

333 

1453 

1881 

7  11  10  51 

8  15  35  44 

1  16  54  3 

192 

1817 

1888 

9  4  53  55 

8  15  36  40 

1  16  54  45 

153 

119 

1883 

10  38  36  58 

8  15  37  36 

1  16  55  37 

HI 

477 

1884  B. 

0  36  35  35 

8  15  38  32 

1  16  56  9 

79 

843 

1885 

330  838 

8  15  39  38 

1  16  56  51 

33 

1908 

Di 
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Mercury^s  Motions  for  Months^ 


Mots*  JiiGn*  4*  S^c* 


Moiitlix. 

D. 

Longitude. 

Aph. 

Nod. 

T—  \  Bis. 
J"-  5  Com. 

0 

s  o   '   " 

0  0  0  0 

0 

0 

1 

0  4  5  33 

0 

0 

Feb.  i.B"- 
( (/om. 

31 

4  6  51  49 

5 

4 

32 

4  10  57  22 

5 

4 

March, 

60 

8  5  32  33 

9 

7 

April, 

91 

0  12  24  23 

14 

11 

May, 

121 

4  15  10  39 

19 

14 

Jane, 

152 

8  22  2  29 

23 

18 

July, 

182 

0  24  48  46 

28 

21 

AujTust, 

213 

5  1  40  35 

33 

25 

September, 

244 

9  8  32  24 

38 

28 

October. 

274 

1  11  18  41 

42 

32 

Noveinbcr, 

305 

5  18  10  30 

47 

35 

D«comber, 

335 

9  20  56  47 

52 

39 

TABLE  LXL 
Motions  for  Days  and  Hours, 


Dayg. 

Longitude. 

Ap. 

No. 

Hrs. 

Long. 

SO'" 

// 

ft 

o  ♦   " 

1 
2 
3 
4 
5 

0  0  0  0 
0  4  5  33 
0  8  11  5 
0  12  16  38 
0  16  22  10 

0 
0 
0 

1 

1 

0 
0 
0 
0 
0 

1 
2 
3 
4 
5 

0  10  14 
0  20  28 
0  30  42 
0  40  55 
0  51  9 

6 
7 
8 
9 
10 

0  20  27  43 
0  24  33  15 

0  28  38  48 

1  2  44  20 
1  6  49  53 

1 
1 
1 
1 

2 

6 
7 

8 

9 

10 

1  1  23 
1  11  37 
1  21  51 
1  32  5 
1  42  19 

11 
12 
13 
14 
15 

1  10  55  26 
1  15  0  58 
1  19  6  31 
1  23  12  3 
1  27  17  36 

2 
2 
2 

2 
2 

2 
2 

11 
12 
13 
14 
15 

1  52  32 

2  2  46 
2  13  0 
2  23  14 
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3 
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3 
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23 
24 

3  34  51 
3  45  5 

3  55  19 

4  5  33 

26' 

27 

28 

29 

30 
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3  12  18  34 
3  16  24  6 
3  20  29  39 
3  24  35  12 

3  28  40  44 

4  2  46  17 
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3 
3 
3 
3 
3 
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Sec 

Loo. 

1 

0  10 

1 

0 

2 

0  20 

2 

0 

3 

0  31 
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4 

0  41 

4 

5 

0  51 

5 

6 

1  1 

6 

7 

1  12 

7 

8 

1  22 

8 

9 

1  32 

9 

2 

10 

1  42 

10 

2 

11 

1  53 

11 

2 

12 

2  3 

12 

2 

13 

2  13 

13 

2 

14 

2  23 

14 

2 

15 

2  33 

15 

3 

16 

2  44 

16 

3 

17 

2  54 

17 

3 

18 

3  4 

18 

3 

19 

3  14 

19 

3 
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20 
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21 
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21 

22 

345 
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23 

3  55 
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24 

4  6 

24 
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4  16 

25 
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26 

27 

4  36 

27 

5 

28 
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28 
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29 

4  57 

29 
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30 

5  7 

30 

5 

31 

5  17 

31 

5 

32 

5  27 

32 

5 

33 

5  38 

33 

6 

34 

5  48 

34 
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35 
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35 
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36 
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38 
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40 
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41 

6  59 

41 

42 
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42 

43 
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43 
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7  30 

44 
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45 

7  40 
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8 

46 

7  51 

46 

8 

47 

8  1 

47 

8 

48 

8  11 

48 

8 

49 

8  21 

49 

8 

50 

8  31 

50 

9 

51 

8  42  1  51  ' 
8  52   52 

9 

52 

9 

53 

9  2 

53 

9 

54 

9  12 

54 

9 

55 

^9  23 

55 

9 

56 

9  33 

56 

10 

57 

9  43 

57 

10 

58 

9  53 

58 

10 

59 

10  4 

59 

10 

60 

10  14 

60 

10 
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Equation  of  Mercury*s  Centre. 
Argument.    Mean  Anomaly. 
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29 
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28 
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24 
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10  59  44 

21 
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20 
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19 
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17 
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19  54  17 
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23  40  24 
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7  32  16 

14 

17 
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21  12  40 

23  39  38 

19  21  48 

7  1  17 

13 

18 

5  50  2 
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21  22  27 

23  38  24 
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12 

19 
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18  47  3 

5  58  27 

11 

20 
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17  50  38 

4  22  26 

8 

23 
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22  7  0 
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17  30  42 
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7 

24 
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6 

25 
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^Equations 

2  and  3. 

Always  Affirmative, 

Arg. 
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Arp. 

3 

Arg. 
1300 

3  j 
19" 

Arg. 

' 

0 

9" 

260 

1" 

520 

5" 

0 

5" 

650 

5" 

1950,'  8" 

20 

9 

280 

2 

540 

4 

50 

4 

700 

6  i 

1350 

19  ; 

2000 

7 

40 

9 

300 

4 

560 

3 

100 

3 

750 

7 

1400 

19  ' 

2050 

6 

60 

8 

320 

5 

580 

2 

150 

2 

800 

8 

1450 

19  ' 

2100:  5 

80 

7 

340 

6 

600 

1 

200 

2 

850 

10  , 

1500 

19 

2150.  4 

120 

6 

360 

7 

620 

1 

250 

900 

11 

1550 

18  ! 

2200  3 

140 

5 

380 

8 

640 

1 

300 

950 

12 

1600 

17 

2250]  2 

160 

4 

400 

9 

660 

1 

350 

1000 

14 

1650 

16 

2300  1 

180 

2 

420 

9 

680 

2 

400 

1050 

15 

1700 

15 

2350'  1 

200 

1 

440 

9 

700 

3 

450 

1100 

16 

1750 

14 

2400  1 

220 

1 

460 

9 

720 

5 

500 

1150 

17 

1800 

13  ! 

2450 

1 

240 

1 

480 

8 

740 

6 

550 

1200 

18 

1850 

11  i 

260 

I 

500 

7 

760 

7 

600 

1250 

18 

1900 

10  1 

280 

1 

520 

5 

780 

8 

650 

5 

1300 

19 

1950 

8 

r^ 

,;,gi 

ized  by 

Cc 

>^r 

72 


TABLE  LXV. 


Mercury^s  Rcuiius  Vector. 
Argument.     Mean  Anomaly. 


0" 

!• 

11> 

111- 

0.40303 

1V« 

V- 

0° 

0.46669 

0.45923 

0.43734 

0.36138 

0.32362 

30^ 

1 

0.46668 

0.45872 

0.43638 

0.40171 

0.35997 

0.32263 

29 

2 

046666 

0.458-20 

0.43540 

0.40039 

035857 

0.32167 

28 

3 

0.46662 

0.45767 

0.43441 

0.39907 

0.35717 

0.32073 

27 

4 

0.46656 

0.45712 

0.43341 

03.n73 

0.35578 

0.31982 

26 

5 

0.46649 

0.45655 

0.43240 
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0.35440 

0.31893 

25 

6 
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24 
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Argument.    Orbit  Long,  of  Mercury — Long,  of  Node. 
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Heliocentric  Longitudes^ ^c.  of  ike  Planet  Venusy  at  the  times  of  the 
next  two  Transits  over  the  Sun's  Disc. 


Times. 

Hel.  Lonf .  from 
true  Equinox. 

Hel.  Lat. 

Rad.  Vector. 

1874,  Dec.  8tb,  at  12h. 
16h. 
20h. 

1888,  Dec.  6tb,  at  noon. 
4h. 
8h. 

760  41'  36.6 " 
16    57  44.1 
77  13  51.5 

74  12  55.7 
74  29   2.5 
74  45   9.7 

4'  a3"N. 

5  3.5 

6  1.0 

4  58.1S. 
4  0.8 
3  3.5 

0.7203632 
0.7203449 
a720326d 

0.7205502 
0.7205315 
0.7205127 

Note.— The  Aberration  in  Longitude  at  the  time  of  each  Transit,  is  3.4" ;  to  « 
be  added  to  the  true  goocontric  longitude,  to  obtain  the  apparent  longitude. 
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Mercury'M  HdioeerOric  Latitude  for  the  year  1800,  teith  the  Secular 

Variation. 
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14 

9.99799 

6  55  59 

18 

939681 

8 

23 

3  43  48 

7 

9.99951 

5  35  12 

15 

9.99793 

6  56  57 

18 

939680 

7 

34 

3  50  31 

7 

9.99947 

5  39  34 

15 

9.99788 

6  57  47 

18 

939678 

6 

25 

3  57  11 

8 

9.99942 

5  43  51 

15 

959782 

658  39 

18 

939677 

5 

26 

3    3  47 

8 

9.99938 

5  48    0 

15 

9.99777 

6  59    4 

18 

939676 

4 

27 

3  10  31 

8 

939933 

5  52    4 

15 

9.99772 

6  59  31 

18 

939676 

3 

38 

3  16  50 

9 

9.99929 

5  56    1 

15 

9.99767 

6  59  51 

18 

939675 

3 

39 

3  33  17 

9 

9.99924 

5  59  51 

16 

9.99762 

7    0    3 

18 

939675 

1 

30 

3  39  39 

9 

9.99919 

6    3  35 

16 

9.99757 

7    0    6 

18 

939675 

0 

XI"  a 

+ 

Xt     S. 

+ 

IX>   s. 

+ 

¥■  N. 

IV.    N. 

nil  N. 

MuUipUerfor 
Aber.  in  Lai. 
Argm  Geoc.  Lot. 


Aberration  in  Latitude.    Part  IV. 
Abouikbnt.    Arg.  of  Latitude. 


Arj. 

Malt 

Oo 

0.00 

1 

0.03 

3 

0.03 

3 

Qxys 

4 

0.07 

5 

0.09 

6 

0.10 

7 

0.13 

Arg. 

Aber. 

Arg. 

Arg. 

Aber. 

Arg. 

OO 

—  5" 

360° 

90° 

—  1" 

370O 

10 

5 

350 

100 

0 

360 

30 

5 

340 

no 

+  1 

350 

30 

4 

330 

130 

1 

340 

40 

4 

320 

130 

2 

330 

50 

3 

•«10 

140 

3 

330 

60 

3 

300 

150 

3 

310 

70 

3 

390 

160 

3 

200 

80 

1 

380 

170 

3 

190 

90 

—  1 

370 

180 

+  3 

180 
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Aherraiian  of  Mefctiry  in  Longitude, 


Part.  I.  Arg.  Elong. 

Pari  II.  Arg.  Ann.  Par.  | 

Part  111.  Argr.  Qeoc.  LoD|r. 

Elon. 

Aberrat. 

EloD. 

Ann. 
Par. 

Aberral. 

Ann. 
Par. 

Geoc. 
Long. 

Aberrat 

Geoc. 
LoDg. 

0 

// 

o 

0 

// 

o 

o 

/■/ 

o 

0 

—20  — 

360 

0 

—  33  — 

360 

0 

-2  + 

180 

4 

20 

356 

4 

33 

356 

4 

2 

184 

8 

20 

352 

8 

32 

352 

8 

3 

188 

13 

20 

348 

12 

32 

348 

12 

3 

192 

16 

19 

344 

16 

31 

344 

16 

4 

196 

20 

19 

340 

20 

31 

340 

20 

4 

200 

24 

18 

336 

24 

30 

336 

24 

4 

204 

28 

18 

332 

28 

29 

332 

28 

5 

208 

32 

17 

328 

32 

28 

328 

32 

5 

212 

36 

16 

324 

36 

26 

324 

36 

5 

216 

40 

15 

320 

40 

35 

320 

40 

6 

220 

44 

14 

316 

44 

24 

316 

44 

224 

48 

13 

312 

48 

22 

312 

48 

338 

52 

12 

308 

52 

20 

308 

52 

333 

56 

11 

304 

56 

18 

304 

56 

336 

GO 

10 

300 

60 

16 

300 

60 

840 

64 

9 

296 

64 

14 

296 

64 

344 

68 

8 

292 

68 

12 

292 

68 

348 

72 

6 

288 

72 

10 

288 

72 

353 

76 

5 

284 

76 

8 

284 

76 

350 

80 

3 

,280 

80 

6 

280 

80 

360 

84 

2 

276 

84 

3 

276 

84 

864 

88 

•~  1  -^ 

272 

88 

—  1  — 

272 

88 

368 

92 

+  1  + 

268 

92 

+  1  + 

268 

92 

373 

96 

2 

264 

96 

3 

264 

96 

376 

100 

3 

260 

100 

6 

260 

100 

380 

104 

5 

256 

104 

8 

256 

104 

384 

108 

6 

252 

108 

10 

252 

108 

388 

112 

8 

248 

112 

12 

248 

113 

893 

116 

9 

244 

116 

14 

244 

116 

390 

120 

10 

240 

120 

16 

240 

120 

300 

124 

11 

236 

124 

18 

236 

134 

304 

128 

12 

232 

128 

20 

232 

128 

308 

133 

13 

228 

132 

22 

228 

132 

313 

136 

14 

224 

136 

24 

224 

136 

316 

140 

15 

220 

140 

25 

220 

140 

3 

330 

144 

16 

216 

144 

26 

216^ 

144 

3 

334 

148 

17 

212 

148 

28 

212 

148 

3 

329 

152 

18 

208 

152 

29 

208 

152 

1 

332 

156 

18 

204 

156 

30 

204 

156 

1 

330 

160 

19 

200 

160 

31 

200 

160 

-0  + 

340 

164 

19 

196 

164 

31 

196 

164 

+  0- 

344! 

168 

20 

192 

168 

32 

192 

168 

0 

34a 

172 

20 

188 

172 

32 

188 

172 

1 

35d 

176 

20 

184 

176 

33 

184 

176 

1 

356 

180 

+  20  + 

180 

180 

+  83  + 

180 

180 

+.?,- 

360 
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Logistical  Logarithms 

■ 

0' 

V 

2^ 

3' 

4' 

5' 

6' 

r 

0" 

00000 

17782 

14771 

13010 

11761 

10792 

10000 

9331 

1 

35563 

17710 

14735 

12986 

11743 

10777 

9988 

9390 

s 

32553 

17639 

14699 

12962 

11725 

10763 

9976 

9310 

3 

30799 

17570 

14664 

12939 

11707 

10749 

9964 

9300 

4 

29542' 

17501 

14629 

12915 

11689 

10734 

9959 

9289 

S 

23573 

17434 

14594 

12891 

11671 

10720 

9940 

9279 

6 

27782 

17368 

14559 

12868 

11654 

10706 

9998 

996» 

7 

27112 

17302 

14525 

12845 

11636 

10692 

9916 

9959 

8 

26532 

17238 

14491 

12821 

11619 

10678 

9905 

9949 

9 

26021 

17175 

14457 

12798 

11601 

10663 

9893 

9938 

10 

25563 

17112 

14424 

12775 

11584 

10649 

9881 

9998 

11 

25149 

17050 

14390 

12753 

11566 

10635 

9869 

9918 

12 

24771 

16990 

14357 

12730 

11549 

10621 

9858 

9908 

13 

24424 

16930 

14325 

12707 

11532 

10608 

9846 

9198 

14 

24102 

16871 

14292 

12685 

11515 

10594 

9834 

9188 

15 

23802 

16812 

14260 

12663 

11498 

10580 

9823 

9178 

16 

9359-? 

16755 

14228 

12640 

11481 
11464 

10566 
10552 

9811 
9800 

9168 
9158 

17 

23259 

16698 

14196 

12618 

18 

23010 

16642 

14165 

12596 

11447 

10539 

9788 

9148 

19 

22775 

16587 

14133 

12574 

11430 

10525 

9777 

9138 

90 

29553 

16532 

14102 

12553 

11413 

10519 

9765 

9198 

91 

99341 

16478 

14071 

12531 

11397 

10498 

9754 

9119 

99 

99139 

16425 

14040 

12510 

11380 

10484 

9749 

9109 

93 

91946 

16372 

14010 

12488 

11363 

10471 

9731 

94 

91761 

16320 

13979 

12467 

11347 

10458 

9790 

9088 

25 

91584 

16269 

13949 

12445 

11331 

10444 

9708 

9079 

96 

21413 

16218 

13919 

12424 

11314 

10431 

9697 

9070 

27 

21249 

16168 

13890 

12403 

11298 

10418 

9686 

9060 

98 

21091 

16118 

13860 

12382 

11282 

10404 

9675 

9050 

29 

20939 

16069 

13831 

12362 

11266 

10391 

9664 

9041 

30 

20792 

16021 

13802 

12341 

11249 

10378 

9659 

9031 

31 

20649  1  15973 

13773 

12390 

11933 

10365 

9641 

9091 

39 

20512 

15925 

13745 

12300 

11917 

10359 

9630 

9019 

33 

20378 

15878 

13716 

12279 

11901 

10339 

9619 

9002 

34 

90248 

15832 

13688 

12259 

11186 

10326 

9608 

8999 

35 

20122 

15786 

13660 

12239 

11170 

10313 

9597 

8983 

36 

90000 

15740 

13632 

12918 

11154 

10300 

9586 

8973 

37 

19881 

15695 

13604 

12198 

11138 

10287 

9575 

8964 

38 

19765 

15651 

13576 

12178 

11123 

10274 

9564 

8954 

39 

19659 

15607 

13549 

12159 

11107 

10261 

9553 

8945 

40 

19542 

15563 

13522 

12139 

11091 

10248 

9549 

8935 

41 

19435 

15520 

13495 

12119 

11076 

10235 

9539 

8996' 

49 

19331 

15477 

13468 

12099 

11061- 

10223 

9521 

8917 

43 

19228 

15435 

13441 

12080 

11045 

10210 

9510 

8907 

44 

19128 

15393 

13415 

12061 

11030 

10197 

9499 

8898 

45 

19031 

15351 

13388 

12041 

11015 

10185 

9488 

8888 

46 

18935 

15310 

13362 

12022 

10999 

10172 

9478 

8879 

47 

18842 

15269 

13336 

12003 

10984 

10160 

9467 

8870 

48 

18751 

15229 

13310 

11984 

10969 

10147 

9456 

8861 

49 

18661 

15189 

13284 

11965 

10954 

10135 

9446 

8851 

50 

18573 

15149 

13:.>59 

11946 

10939 

10122 

9435 

8842 

51 

18487 

15110 

13233 

11927 

10924 

10110 

9425 

8833 

59 

18403 

15071 

13908 

11908 

10909 

10098 

9414 

8824 

53 

18320 

15032 

13183 

11889 

10894 

10085 

9404 

8814 

54 

18239 

14<)y4 

13158 

11871 

10880 

10073 

9393 

8805 

55 

18159 

14956 

13133 

11852 

10865 

10061 

9383 

8796 

56 

18081 

14918 

13108 

11834 

10850 

10049 

9372 

8787 

57 

18004 

14881 

13083 

11816 

10835 

10036 

9362 

8778 

58 

17929 

14844 

13059 

11797 

10821 

10024 

9351 

8769 

59 

17855 

14808 

13034 

11779 

10806 

10012 

9341 

8760 

60 

17782 

14771 

13010 

11761 

10792 

10000 

9331 

8751 
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LogigHcal  LogarUkim, 

1  w 

9' 

10' 

ir 

12' 
6990 

13' 
6642 

14' 

6320 

15' 
6021 

16' 
5740 

0" 

8751 

8239 

7782 

7368 

1 

8742 

8231, 

7774 

7361 

6984 

6637 

6315 

6016 

5736 

3 

8733 

8223* 

7767 

7354 

6978 

6631 

6310 

6011 

5731 

3 

8724 

8215 

7760 

7348 

6972 

6625 

6305 

6006 

5727 

4 

8715 

8207 

7753 

7341 

6966 

6620 

6300 

6001 

5722 

5 

8706 

8199 

7745 

7335 

6960 

6614 

6294 

5997 

5718 

6 

8697 

8191 

7738 

7328 

6954 

6609 

6289 

5992 

5713 

7 

8688 

8183 

7731 

7322 

6948 

6603 

6284 

5987 

5709 

8 

8679 

8175 

7724 

7315 

6942 

6598 

6279 

5982 

5704 

9 

8670 

8167 

7717 

7309 

6936 

6592 

6274 

5977 

5700 

10 

8661 

8159 

7710 

7302 

6930 

6587 

6269 

5973 

5695 

11 

8652 

8152 

7703 

7296 

6924 

6581 

6264 

5968 

5691 

12 

8643 

8144 

7696 

7289 

6918 

6576 

6259 

5963 

5686 

13 

8635 

8136 

7688 

7283 

6912 

6570 

6254 

5958 

5682 

14 

8626 

8128 

7681 

7276 

6906 

6565 

6248 

5954 

5677. 

15 

8617 

8120 

7674 

7270 

6900 

6559.^ 

6243 

5949 

5673 

16 

8608 

8112 

7667 

7264 

6894 

6554 

*6238 

5944 

5669 

17 

8599 

8104 

7660 

7257 

6888 

6548 

6233 

5939 

5664 

18 

8591 

8097 

7653 

7251 

6882 

6543 

6228 

5935 

5660 

19 

8582 

8089 

7646 

7244 

6877 

6538 

6223 

5930 

5655 

20 

8573 

8081 

7639 

7238 

6871 

6532 

6218 

5925 

5651 

21 

8565 

8073 

7632 

7232 

6865 

6527 

6213 

5920 

5646^ 

22 

8556 

8066 

7625 

7225 

6859 

6521 

6208 

5916 

5642 

23 

8547 

8058 

7618 

7219 

6853 

6516 

6203 

5911 

5637 

24 

8539 

8050 

7611 

7212 

6847 

6510 

6198 

5906 

5633 

25 

8630 

8043 

7604 

7206 

6841 

6505 

6193 

5902 

5629 

26 

8622 

8035 

7597 

7200 

6836 

6500 

6188 

5897 

5624 

27 

8513 

8027 

7590 

7193 

6830 

6494 

6183 

5892 

5620 

28 

8504 

8020 

7583 

7187 

6834 

6489 

6178 

5888 

5615 

29 

8496 

8012 

7577 

7181 

6818 

6484 

6173 

5883 

5611 

30 

8487 

8004 

7570 

7175 

6812 

6478 

6168 

5878 

5607 

31 

8479 

7997 

7563 

7168 

6807 

6473 

6163 

5874 

5602 

32 

8470 

7989 

7556 

7162 

6801 

6467 

6158 

5869 

5598 

33 

8462 

7981 

7549 

7156 

6795 

6462 

6153 

5864 

5594 

34 

8453 

7974 

7542 

7149 

6789 

6457 

6148 

5860 

5589 

35 

8145 

7966 

7535 

7143 

6784 

6451 

6143 

5855 

5585 

36 

8437 

7959 

7528 

7137 

6778 

6446 

6138 

5850 

5580 

37 

8428 

7951 

7522 

7131 

6772 

6441 

6133 

5846 

5576 

38 

8420 

7944 

7515 

7124 

6766 

6435 

6128 

5841 

5572 

39 

8411 

7936 

7508 

7118 

6761 

6430 

6123 

5836 

5567 

40 

8403 

7929 

7501 

7112 

6755 

6425 

6118 

5832 

5563 

41 

8395 

7921 

7494 

7106 

6749 

6420 

6113 

5827 

5559 

42 

8386 

7914 

7488 

7100 

6743 

6414 

6108 

5823 

5554 

43 

8378 

7906 

7481 

7093 

6738 

6409 

6103 

5818 

5550 

44 

8370 

7899 

7474 

7087 

6732 

6404 

6099 

5813 

5546 

45 

8361 

7891 

7467 

7081 

6726 

6398 

6094 

5809 

5541 

46 

8353 

7884 

7461 

7075 

6721 

6393 

6089 

5804 

5537 

47 

8345 

7877 

7454 

7069 

6715 

6388 

6084 

5800 

5533 

48 

8337 

7869 

7447 

7063 

6709 

6383 

6079 

5795 

5528 

49 

8328 

7862 

7441 

7057 

6704 

6377 

6074 

5790 

5524 

50 

8320 

7855 

7434 

7050 

6698 

6372 

6069 

5786 

5520 

51 

8312 

7847 

7427 

7044 

6692 

6367 

6064 

5781 

5516 

52 

8304 

7840 

7421 

7038 

6687 

6362 

6059 

5777 

5511 

53 

^96 

7832 

7414 

7032 

6681 

6357 

6055 

5772 

5507 

54 

8288 

7825 

7407 

7026 

6676 

6351 

6050 

5768 

5503 

55 

8279 

7818 

7401 

7020 

6670 

6346 

6045 

5763 

5498 

56 

8271 

7811 

7394 

7014 

6664 

6341 

6040 

5758 

5494 

57 

8263 

7803 

7387 

7008 

6659 

6336 

6035 

5754 

5490 

58 

8255 

7796 

7381 

7002 

6653 

6331 

6030 

5749 

5486 

59 

8247 

7789 

7374 

6996 

6648 

6325 

6025 

5745 

5481 

60 

8239 

7782 

7368 

6990 

6642 

6320 

6021 

5740 

5477( 

^ogle 
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TABLE  LXX. 


Logistical  Logarithms^ 

ir 

18* 

19' 

20' 

21' 

22' 

23' 

24' 

25' 

0" 

5477 

5229 

4994 

4771 

4559 

4357 

4164 

3979 

3802 

1 

5473 

522,5 

4990 

4768 

4556 

4354 

4161 

3976 

3799 

3 

5469 

5221 

4986 

4764 

4552 

4351 

4158 

3973 

3796 

3 

5464 

5217 

4983 

4760 

4549 

4347 

4155 

3970 

3793 

4 

5460 

5213 

4979 

4757 

4546 

4344 

4152 

3967 

3791 

5 

5456 

5209 

4975 

4753 

4542 

4341 

4149 

3964 

3768 

6 

5452 

5205 

4971 

4750 

4539 

4338 

4145 

3961 

3785 

7 

5447 

5201 

4967 

4746 

4535 

4334 

4142 

3958 

3782 

8 

5443 

5197 

4964 

4742 

4532 

4331 

4139 

3955 

3779 

9 

5439 

5193 

4960 

4739 

4528 

4328 

4136 

3952 

3776 

10 

5435 

5189 

4956 

4735 

4525 

4325 

4133 

3949 

3773 

11 

5430 

5185 

4952 

4732 

4522 

4321 

4130 

3946 

3770 

12 

5426 

5181 

4949 

4728 

4518 

4318 

4127 

3943 

3768 

13 

5422 

5177 

4945 

4724 

4515 

4315 

4124 

3940 

3765 

14 

5418 

5173 

4941 

4721 

4511 

4311 

4120 

3937 

3762 

15 

5414 

5169 

4937 

4717 

4508 

4308 

4117 

3934 

3759 

16 

5409 

5165 

•4933 

4714 

4505 

4305 

4114 

3931 

3756 

17 

5405 

5161 

4930 

4710 

4501 

4302 

4111 

3928 

3753 

18 

5401 

5157 

4926 

4707 

4498 

4298 

4108 

3925 

3750 

19 

5397 

5153 

4922 

4703 

4494 

4295 

4105 

3922 

3747 

30 

5393 

5149 

4918 

4699 

4491 

4292 

4102 

3919 

3745 

21 

5389 

5145 

4915 

4696 

4488 

4289 

4099 

3917 

3742 

22 

5384 

5141 

4911 

4692 

4484 

4285 

4096 

3914 

3739 

23 

5380 

5137 

4907 

4689 

4481 

4282 

4092 

3911 

3736 

24 

5376 

5133 

4903 

4685 

4477 

4279 

4089 

3908 

3733 

25 

5372 

5129 

4900 

4682 

4474 

4276 

4086 

3905 

3730 

2G 

5368 

5125 

4896 

4678 

4471 

4273 

4083 

3902 

3727 

27 

5364 

5122 

4892 

4675 

4467 

4269 

4080 

3899 

3725 

28 

5359 

5118 

4889 

4671 

4464 

4266 

4077 

3896 

3722 

29 

5355 

5114 

4885 

4668 

4460 

4263 

4074 

3893 

3719 

30 

5351 

5110 

4881 

4664 

4457 

4260 

4071 

3890 

3716 

31 

5347 

5106 

4877 

4660 

4454 

4256 

4068 

3887 

3713 

32 

5343 

5102 

4874 

4657 

4450 

4253 

4065 

3884 

37J0 

33 

5339 

5098 

4670 

4653 

4447 

4250 

4062' 

3881 

3708 

34 

5335 

5094 

4866 

4650 

4444 

4247 

4059 

3878 

3705 

35 

5331 

5090 

4363 

4646 

4440 

4244 

4055 

3875 

3702 

36 

5336 

5086 

4859 

4643 

4437 

4240 

4052 

3872 

3699 

37 

5322 

5082 

4855 

4639 

4434 

4237 

4049 

3669 

3696 

38 

5318 

5079 

4852 

4636 

4430 

4234 

4046 

3866 

3693 

39 

5314 

5075 

4848 

4632 

4427 

4231 

4043 

3863 

3691 

40 

5310 

5071 

4844 

4629 

4424 

4228 

4040 

3860 

3688 

41 

5306 

5067 

4841 

4625 

.4420 

4224 

4037 

3857 

3685 

42 

5302 

5063 

4837 

4622 

4417 

4221 

4034 

3855 

3683 

43 

5298 

5059 

4833 

4618 

4414 

4218 

4031 

3852 

3679 

44 

5294 

5055 

4830 

4615 

4410 

4215 

4028 

3849 

3677 

45 

5290 

5051 

4826 

4611 

4407 

4212 

4025 

3846 

36f4 

46 

5285 

5048 

4822 

4608 

4404 

4209 

4022 

3843 

3671 

47 

5281 

5044 

4819 

4604 

4400 

4205 

4019 

3840 

3668 

48 

5277 

5040 

4815 

4601 

4397 

4202 

4016 

3637 

3665 

49 

5273 

5036 

4811 

4597 

4394 

4199 

4013 

3834 

3663 

50 

5269 

5032 

4808 

4594 

4390 

4196 

4010 

3831 

3660 

51 

5265 

5028 

4804 

4590 

4387 

4193 

4007 

3828 

3657 

52 

5261 

5025 

4800 

4587 

4384 

4189 

4004 

3825 

3654 

53 

5257 

5021 

4797 

4584 

4380 

4186 

4001 

3822 

3651 

54 

5253 

5017 

4793 

4580 

4377 

4183 

3998 

3820 

9649 

55 

5249 

5013 

4789 

4577 

4374 

4180 

3995 

3817 

3646 

56 

5245 

5009 

4786 

4573 

4370 

4177 

3991 

3814 

3643 

57 

5241 

5005 

4782 

4570 

4367 

4174 

3988 

3811 

3640 

58 

5237 

5002 

4778 

4566 

4364 

4171 

3985 

3808 

3637 

59 

5233 

4998 

4775 

4563 

4361 

4167 

3982 

3805 

3635 

60 

5229 

4994 

4771 

4559 

4357 

4164 

3979 

3802 

3633 
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Logutieal  L<^rithm$» 

26' 

27' 

28' 

29' 

30' 

31' 

32' 

33' 

34' 

U" 

3632 

3468 

3310 

3158 

3010 

2868 

2730 

2596 

2467 

1 

3629 

3465 

3307 

3155 

3008 

2866 

2728 

2594 

2465 

9 

3626 

3463 

3305 

3153 

3005 

2863 

2725 

2592 

2462 

3 

3623 

3460 

3303 

3150 

3003 

2861 

2723 

2590 

2460 

4 

3621 

3457 

3300 

3148 

3001 

2859 

2721 

2588 

2458 

5 

3618 

3454 

3297 

3145 

2998 

2856 

2719 

2585 

2456 

6 

3615 

3452 

3294 

3143 

2996 

2854 

2716 

2583 

2454 

7 

3612 

3449 

3292 

3140 

2993 

2852 

2714 

2581 

2452 

8 

3610 

3446 

3289 

3138 

2991 

2849 

2712 

2579 

2450 

9 

3607 

3444 

3287 

3135 

2989 

2847 

2710 

2577 

2448 

10 

3604 

3441 

3284 

3133 

2986 

2845 

2707 

2574 

2445 

11 

3601 

3438 

3282 

3130 

2984 

2842 

2705 

2572 

2443 

13 

3598 

3436 

3279 

3128 

2981 

2840 

2703 

2570 

2441 

13 

3596 

3433 

3276 

3125 

2979 

2838 

2701 

2568 

2439 

U 

3593 

3431 

3274 

3123 

2977 

2835 

2698 

2566 

2437 

15 

3590 

3438 

3271 

3120 

2974 

2833 

2696 

2564 

2435 

16 

3587 

3425 

3269 

3118 

2972 

2831 

2694 

2561 

2433 

17 

3585 

3423 

3266 

3115 

2969 

2828 

2692 

2559 

2431 

18 

3582 

3420 

3264 

3113 

2967 

2826 

2689 

2557 

2423 

19 

3579 

3417 

3261 

3110 

2965 

2824 

2687 

2555 

2426 

20 

3576 

3415 

3259 

3108 

2962 

2821 

2685 

2553 

2424 

SI 

3574 

3412 

3256 

3105 

2960 

2819 

2683 

2551 

2422 

22 

3571 

3409 

3253 

3103 

2958 

2817 

2681 

2548 

2420 

23 

3568 

3407 

3251  3101 

2955 

2815 

2678 

2546 

2418 

24 

3565 

3404 

3248 

3098 

2953 

2812 

2676 

2544 

2416 

i5 

3563 

3401 

3246 

3096 

2950 

2810 

2674 

2542 

2414 

2S 

3560 

3399 

3243 

3093 

2948 

2808 

2672 

2540 

2412 

27 

3557 

•3396 

3241 

3091 

2946 

2805 

2669 

2538 

2410 

28 

3555 

3393 

3238  1  3088 

2943 

2803 

2667 

2535 

2408 

29 

3552 

3391 

3236  1  3086 

2941 

2801 

2665 

2533 

2405 

33 

3549 

3388 

3233  ,  3083 

2939 

2798 

2663 

2531 

2403 

31 

3546 

3386 

3231  i  3081 

2936 

2796 

2660 

2529 

2401 

32 

3544 

3383 

3228  1  3078 

2934 

2794 

2658 

2527 

2399 

33 

3541 

3380 

3225  ,  3076 

2931 

2792 

2656 

25915 

2397 

34 

3538 

3378 

3223 

3073 

2929 

2789 

2654 

2522 

2395 

35 

3535 

3375 

3220 

3071 

2927 

2787 

2652 

2520 

2393 

36 

3533 

3372 

3218 

3069 

2924 

2785 

2649 

2518 

2391 

37 

3530 

3370 

3215 

3066 

2922 

2782 

2647 

2516 

2389 

38 

3527 

3367 

3213 

3D64 

2920 

2780 

2645 

2514 

2387 

39 

3525 

3365 

3210 

3061 

2917 

2778 

2643 

2512 

2384 

40 

3522 

3362 

3208 

3059 

2915 

2775 

2640 

2510 

2382 

41 

3519 

3359 

3205 

3056 

2912 

2773 

2638 

2507 

2380 

42 

3516 

3357 

3203 

3054 

2910 

2771 

2636 

25a'i 

2378 

43 

3514 

3354 

3200 

3052 

2908 

2769 

2634 

2503 

2376 

44 

3511 

3351 

3198 

3049 

2905 

2766 

2632 

2501 

2374 

45 

3508 

3349 

3195 

3047 

2903 

2764 

2629 

2499 

2372 

46 

8506 

3346 

3193 

3044 

2901 

2762 

2627 

2497 

2370 

47 

3503 

3344 

3190 

3042 

2898 

2760 

2625 

2494 

2368 

48 

3500 

3341 

3188 

3039 

2896 

2757 

2623 

2492 

2366 

49 

3497 

3338 

3185 

3037 

2894 

2755 

2621 

2490 

2364 

50 

3495 

3336 

3183 

3034 

2891 

2753 

2618 

2488 

2362 

51 

3492 

3333 

3180 

3032 

2889 

2750 

2616 

2486 

2359 

52 

3489 

3331 

3178 

3030 

2887 

2748 

2614 

2484 

2357 

53 

3487 

3328 

3175 

3027 

2884 

2746 

2612 

2482 

2355 

54 

3484 

3325 

3173 

3025 

2882 

2744 

2610 

2480 

2353 

55 

3481 

3323 

3170 

3022 

2880 

2741 

2607 

2477 

2351 

56 

3479 

3320 

3168 

3020 

2877 

2739 

2605 

2475 

2349 

57 

3476 

3318 

3165 

3018 

2875 

2737 

2603 

2473 

2347 

58 

3473 

3315 

3163 

3015 

2873 

2735 

2601 

2471 

2345 

59 

3471 

3313 

3160 

3013 

2870 

2732 

2599 

2469 

2343 

60 

3468 

3310 

3158 

3010 

2868 

2730 

2596 

2467 

2341 

ujgle 
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Logitticai  Logariihms. 

35' 

36' 

37' 

38' 

39' 

40^ 

41' 

42^ 

43' 

0" 

2341 

2218 

2099 

1984 

1871 

1761 

1654 

1549 

1447 

1 

2339 

2216 

2098 

1982 

1869 

1759 

1652 

1547 

1445 

2 

2337 

2214 

2096 

1980 

1867 

1757 

1650 

1546 

1443 

3 

2335 

2212 

2094 

1978 

1865 

1755 

1648 

1544 

1442 

4 

2333 

2210 

2092 

1976 

1863 

1754 

1647 

1542 

1440 

5 

2331 

2208 

2090 

1974 

1662 

1752 

1645 

1540 

1438 

6 

2328 

2206 

2088 

1972 

1860 

1750 

1643 

1539 

1437 

7 

2326 

2204 

2086 

1970 

1858 

1748 

1641 

1537 

1435 

8 

2324 

2202 

2084 

1968 

1656 

1746 

1640 

1535 

1433 

9 

2322 

2200 

2082 

1967 

1854 

1745 

1638 

1534 

1432 

10 

2320 

2198 

2080 

1965 

1852 

1743 

1636 

1532 

1430 

11 

2318 

2196 

2078 

1963 

1850 

1741 

1634 

1530 

1428 

12. 

2316 

2194 

2076 

1961 

1849 

1739 

1633 

1528 

1427 

13 

2314 

2192 

2074 

1959 

1847 

1737 

1631 

1527 

1425 

14 

2312 

2190 

2072 

1957 

1845 

1736 

1629 

1525 

1423 

15 

2310 

2188 

2070 

1955 

1843 

1734 

1627 

1523 

1422 

16 

2308 

2186 

2068 

1953 

1841 

1732 

1626 

1522 

1420 

17 

2306 

2184 

2066 

1951 

1839 

1730 

1624 

1520 

1418 

18 

2304 

2182 

2064 

1950 

1838 

1728 

1622 

1518 

1417 

19 

2302 

2180 

2062 

1948 

1836 

1727 

1620 

1516 

1415 

20 

2300 

2178 

2061 

1946 

1834 

1725 

1619 

1515 

1413 

21 

2298 

2176 

2059 

1944 

1832 

1723 

1617 

1513 

1412 

22 

2296 

2174 

2057 

1942 

1830 

1721 

1615 

1511 

1410 

23 

2294 

2172 

2055 

1940 

1828 

1719 

1613 

1510 

1408 

24 

2291 

2170 

2053 

1938 

1827 

1718 

1612 

1508 

1407 

25 

2289 

2169 

2051 

1936 

1825 

1716 

1610 

1506 

1405 

26 

2287 

2167 

2049 

1934 

1823 

1714 

1608 

1504 

1403 

27 

2285 

2165 

2047 

1933 

1821 

1712 

1606 

1503 

1402 

28 

2283 

2163 

2045 

1931 

1819 

1711 

1605 

1501 

1400 

29 

2281 

2161 

2043 

1929 

1817 

1709 

1603 

1499 

1398 

30 

2279 

2159 

2041 

1927 

1816 

1707 

1601 

1498 

1397 

31 

2277 

2157 

2039 

1925 

1814 

1705 

1599 

1496 

1395 

32 

2275 

2155 

2037 

1923 

1812 

1703 

1598 

1494 

1393 

33 

2273 

2153 

2035 

1921 

1810 

1702 

1596 

1493 

1398 

34 

2271 

2151 

2033 

1919 

1808 

1700 

1594 

1491 

1390 

35 

2269 

2149 

2032 

1918 

1806 

1698 

1592 

1489 

1388 

36 

2267 

2147 

2030 

1916 

1805 

1696 

1591 

1487 

1387 

37 

2265 

2145 

2028 

1914 

1803 

1694 

1589 

1486 

1385 

38 

2263 

2143 

2026 

1912 

1801 

1693 

1587 

1484 

1383 

39 

2261 

2141 

2024 

1910 

1799 

1691 

1585 

1482 

1389 

40 

2259 

2139 

2022 

1908 

1797 

1689 

1584 

1481 

1380 

41 

2257 

2137 

2020 

1906 

1795 

1687 

1583 

1479 

1378 

42 

2255 

2135 

2018 

1904 

1794 

1686 

1580 

1477 

1377 

43 

2253 

2133 

2016 

1903 

1792 

1684 

1578 

1476 

1375 

44 

2251 

2131 

2014 

1901 

1790 

1682 

1577 

1474 

1373 

45 

2249 

2129 

2012 

1899 

1788 

1680 

1575 

1472 

1379 

46 

2247 

2127 

2010 

1897 

1786 

1678 

1573 

1470 

1370 

47 

2245 

2125 

2009 

1895 

1785 

1677 

1571 

1469 

1368 

48 

2243 

2123 

2007 

1893 

1783 

1675 

1570 

1467 

1367 

49 

2241 

2121 

2U05 

1891 

1781 

1673 

1568 

1465 

136S 

50 

2239 

2119 

2003 

1889 

1779 

1671 

1566 

1464 

1363 

51 

2237 

2117 

9001 

1888 

1777 

1670 

1565 

146S 

1362 

52 

2235 

2115 

1999 

1886 

1775 

1668 

1563 

1460 

1360 

53 

2233 

2113 

1997 

1884 

1774 

1666 

1561 

1459 

1359 

54' 

2231 

2111 

1995 

1882 

1772 

1664 

1559 

1457 

1357 

55 

2229 

2109 

1993 

1880 

1770 

1663 

1558 

1455 

1355 

56 

2227 

2107 

1991 

1878 

1768 

1661 

1556 

1454 

1354 

57 

2225 

2105 

1989 

1876 

1766 

1659 

1554 

1452 

1359 

58 

2223 

2103 

1987 

1875 

1765 

1657 

1552 

1450 

1350 

59 

2220 

2101 

1986 

1873 

1763 

1655 

1551 

1449 

1349 

60 

2218 

2099 

1984 

1871 

1761 

1654 

1549 

1447 

1347 
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45' 

Logi 

46' 

Btical  J 

'  4r~ 

Logari 

~48'~ 

ihms. 

44' 

49' 

50' 

51' 

52* 

0" 

1347 

124il 

1154 

106J 

969 

880 

793 

706 

621 

1 

1345 

1248 

1152 

1059 

968 

878 

790 

704 

620 

2 

]344 

1246 

1151 

1057 

966 

877 

789 

703 

619 

3 

1342 

1245 

1149 

1056 

965 

875 

787 

702 

617 

4 

1310 

1243 

1148 

1054 

963 

874 

786 

700 

616 

$ 

1339 

1241 

1146 

1053 

963 

873 

785 

699 

615 

$ 

1337 

J240 

1145 

1051 

960 

871 

783 

697 

613 

7 

1335 

1238 

1143 

1050 

959 

869 

782 

696 

612 

8 

1334 

1237 

1141 

1048 

957 

868 

780 

694 

610 

9 

1332 

1235 

1140 

1047 

956 

866 

779 

693 

609 

10 

1331 

1233 

1138 

1045 

954 

865 

777 

692 

608 

11 

1329 

1232 

1137 

1044 

953 

863 

776 

690 

606 

19 

1327 

1230 

1135 

1042 

951 

863 

774 

689 

605 

IS 

1326 

1229 

1134 

1041 

950 

860 

773 

687 

603 

14 

1324 

1227 

1132 

1039 

948 

859 

772 

686 

603 

15 

132if 

1225 

1130 

1037 

947 

857 

770 

685 

601 

16 

1321 

1224 

1139 

1036 

945 

856 

769 

683 

599 

17 

1319 

1222 

1127 

1034 

944 

855 

767 

682 

588 

18 

1317 

1221 

1136 

1033 

943 

853 

766 

680 

596 

19 

1316 

1219 

1124 

1031 

941 

853 

764 

679 

595 

30 

1314 

1217 

1133 

1030 

939 

850 

763 

678 

584 

21 

1313 

1216 

1121 

1038 

938 

849 

762 

676 

593 

2-3 

1311 

1214 

1119 

1037 

936 

847 

760 

675 

591 

23 

1309 

1213 

1118 

1025 

935 

846 

759 

673 

590 

24 

1308 

1211 

1116 

1034 

933 

844 

757 

672 

588 

25 

1306 

1209 

1115 

1033 

932 

843 

'756 

670 

587 

26 

1304 

1208 

1113 

1021 

930 

841 

754 

669 

585 

27 

1303 

1206 

1112 

1019 

929 

840 

753 

668 

584 

28 

1301 

1205 

1110 

1018 

927 

838 

751 

666 

583 

29 

1300 

1203 

1109 

1016 

926 

837 

750 

665 

581 

30 

125i8 

1201 

1107 

1015 

924 

835 

749 

663 

580 

31 

1296 

1200 

1105 

1013 

923 

834 

747 

662 

579 

38 

1295 

1198 

1104 

1012 

921 

833 

746 

661 

577 

33 

1293 

1197 

1102 

1010 

920 

831 

744 

659 

576 

34 

1291 

1195 

1101 

1008 

918 

830 

743 

658 

574 

85 

1290 

1193 

1099 

1007 

917 

828 

741 

656 

573 

36 

1288 

1192 

1098 

1005 

915 

827 

740 

655 

573 

37 

1287 

1190 

1096 

1004 

914 

825 

739 

654 

570 

38 

1285 

1189 

1095 

1003 

912 

824 

737 

652 

569 

39 

1283 

1187 

1093 

1001 

911 

822 

736 

651 

568 

40 

1282 

1186 

1091 

OQO 

909 

821 

734 

649 

566 

41 

1280 

1184 

1090 

998 

908 

819 

733 

648 

565 

4a) 

1278 

1182 

1088 

996 

906 

818 

731 

647 

563 

43 

1277 

1181 

1087 

995 

905 

816 

730 

645 

562 

44 

1275 

1179 

1085 

993 

903 

815 

729 

644 

561 

45 

1274 

1178 

1084 

993 

903 

814 

727 

642 

559 

46 

1272 

1176 

1082 

990 

900 

812 

726 

641 

558 

47 

1270 

1174 

1081 

989 

899 

811 

724 

640 

557 

48 

1269 

1173 

1079 

987 

897 

809 

723 

638 

555 

49 

1267 

1171 

1078 

986 

896 

808 

721 

637 

554 

50 

1266 

1170 

1076 

984 

894 

806 

720 

635 

552 

51 

1261 

1168 

1074 

983 

893 

805 

719 

634 

551 

53 

1262 

1167 

1073 

981 

891 

803 

717 

633 

550 

53 

1261 

1165 

1071 

980 

890 

802 

716 

631 

548 

54 

1259 

1163 

1070 

978 

888 

801 

714 

630 

547 

55 

1257 

1162 

1068 

977 

887 

799 

713 

628 

546 

56 

1256 

1160 

1067 

975 

885 

798 

711 

627 

544 

57 

1254 

1159 

1065 

974 

884 

796 

710 

626 

543 

58 

1253 

1157 

1064 

973 

883 

795 

709 

624 

541 

59 

1251 

1156 

1062 

971 

881 

793 

707 

623 

540 

60 

1249 

1154 

1061 

969 

880 

•  793 

706 

621 

539 

gle 


11 
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TABLE  LXX. 


Logistical  LogarMms* 

53'  1 

54' 

55' 

56' 

57' 

58' 

59' 

0"  , 

539 

458 

378 

300 

223 

147 

73 

1  j 

537 

456 

377 

298 

221 

146 

72 

2  1 

536 

455 

375 

297 

220 

145 

71 

3 

535 

454 

374 

296 

219 

143 

69 

4 

533 

452 

373 

294 

218 

142 

68 

5 

532 

451 

371 

293 

216 

141 

67 

6 

531 

450 

370 

292 

215 

140 

66 

7 

529 

448 

369 

291 

214 

139 

64 

8 

528 

447 

367 

289 

213 

137 

63 

9 

526 

446 

366 

288 

211 

136 

62 

10 

525 

444 

365 

287 

210 

135 

61 

11 

524 

443 

363 

285 

209 

134 

60 

12 

522 

442 

362 

284 

208 

132 

58 

13 

521 

440 

361 

283 

206 

131 

57 

14 

520 

439 

359 

282 

205 

130 

56 

15 

518 

438 

358 

280 

204 

129 

55 

16 

517 

436 

357 

279 

202 

127 

53 

17 

516 

435 

356 

278 

201 

126 

52 

18 

514 

434- 

354 

276 

200 

125 

51 

19 

513 

432 

353 

275 

199 

124 

50 

20 

512 

431 

352 

274 

197 

122 

49 

21 

510 

430 

350 

273 

196 

121 

47 

22 

509 

428 

349 

271 

195 

120 

46 

23 

507 

427 

348 

270 

194 

119 

45 

24 

506 

426 

346 

269 

192 

UT 

44 

25 

505 

424 

345 

267 

191 

116 

42 

26 

503 

423 

344 

266 

190 

115 

41 

27 

502 

422 

342 

265 

189 

114 

40 

28 

501 

420 

341 

264 

1S7 

112 

39 

29 

499 

19 

340 

262 

186 

111 

38 

30 

498 

416 

339 

261 

185 

110 

36 

31 

497 

416 

337 

260 

184 

109 

35 

32 

495 

415 

336 

258 

182 

107 

34 

33 

494 

414 

335 

257 

181 

106 

33 

34 

493 

412 

333 

256 

180 

105 

31 

35 

491 

411 

332 

255 

179 

104 

30 

36 

490 

410 

331 

253 

177 

103 

29 

37 

489 

408 

329 

252 

176 

101 

28 

38 

487 

407 

328 

251 

175 

100 

27 

39 

486 

406 

327 

250 

174 

99 

25 

40 

484 

404 

3^6 

248 

172 

98 

24 

41 

483 

403 

324 

247 

171 

96 

23 

42 

482 

402 

323 

246 

170 

95 

22 

43 

480 

400 

322 

244 

169 

94 

21 

44 

479 

399 

320 

243 

167 

93 

19 

45 

478 

398 

319 

242 

166 

91 

18 

46 

476 

396 

318 

241 

165 

90 

17 

47 

475 

395 

316 

239 

163 

89 

16 

48 

474 

394 

315 

238 

162 

88 

15 

49 

472 

392 

314 

237 

16J 

87 

13 

50 

471 

391 

313 

235 

160 

85 

12 

51 

470 

390 

31 

234 

158 

84 

11 

52 

468 

3R8 

31- 

233 

157 

83 

10 

53 

467 

387 

309 

232 

156 

82 

8 

54 

466 

386 

307 

230 

155 

80 

7 

55 

464 

384 

306 

229 

153 

79 

6 

56 

463 

383 

305 

228 

152 

78 

5 

57 

462 

382 

304 

227 

151, 

77 

4 

58 

460 

381 

302 

225 

150 

75 

2 

59 

459 

379 

301 

224 

148 

74 

^  1 

60 

458 

378 

300 

223 

147 

litiz^(3by 

LfOOO 

TABLE  LXXT. 


Reduction  of  LaJU  and  Moon^s  Her. 
Par*  J  and  the  logarilktn  of  ^,  for  com- 
pression jfy, 

Abguhisnt.     Geographic  Latitude. 


Affir. 

ReducUoo 
ofLat 

Reduc  of  Hor.  Par. 

W-S 

53' 

57' 

61'   1 

o 

//      »< 

" 

// 

" 

0 

0    0.0 

0.0 

0.0 

0.0 

0.00000 

2 

0  47.9 

0.0 

0.0 

0.0 

0.00000 

4 

1  35.5 

0.1 

0.1 

0.1 

9.99999 

6 

3  33.7 

0.1 

0.1 

0.1 

9.99998 

8 

3    9.2 

OSi 

0J2 

OSi 

9.99997 

10 

3  54.8 

0.3 

0.3 

04 

9.99996 

13 

4  39.3 

0.5 

0.5 

0.5 

9.99994 

14 

5  33.4 

0.6 

0.7 

0.7 

9.99992 

16 

6    33 

0.8 

0.9 

0.9 

9.99989 

18 

6  43.7 

1.0 

1.1 

li2 

9.99986 

30 

7  31.6 

1.2 

1.3 

14 

9.99983 

33 

7  57.3 

1.5 

1.6 

L7 

9.99980 

34 

8  30.7 

1.8 

1.9 

3.0 

9.99976 

36 

9    1.6 

3.0 

3.3 

2.3 

9J9972 

38 

9  39.9 

3.3 

3.5 

2.7 

9^9968 

30 

9  554 

2.7 

2.9 

3.1 

9.99964 

33 

10  lai 

3.0 

3.3 

34 

9.99960 

34 

10  37.8 

3.3 

3.6 

3.8 

9.99955 

36 

10  54.3 

3.7 

3.9 

4i2 

9.99950 

38 

11    7.7 

4.0 

4.3 

46 

9.99945 

40 

11  17^ 

4.4 

4.7 

5.0 

9.99940 

43 

11  34.7 

4,7 

5.1 

5.5 

9.99935 

44 

11  38  j2 

5.1 

5.5 

5.9 

9.99930 

46 

11  28.4 

5.5 

5.9 

6.3 

9.99925 

48 

11  25i2 

53 

6.3 

6.7 

9.99920 

50 

11  18.6 

e^ 

6.7 

7.3 

9.99915 

53 

11    8.8 

6.6 

7.1 

7.6 

9.99910 

54 

10  55.7 

6.9 

7.5 

8.0 

9.99905 

56 

10  394 

7.3 

7.8 

84 

9J9901 

58 

10  19.9 

7.6 

SSi 

8.8 

9J9896 

60 

9  57.4 

13 

8.5 

9.1 

9.99892 

63 

9  33.0 

8.3 

8.9 

9^ 

9.99887 

64 

9    3.8 

8.6 

9^ 

9.9 

9.99883 

66 

8  33.9 

8.8 

9.5 

10.2 

9.99879 

68 

7  59.6 

9.1 

9.8 

10^ 

9.99876 

70 

7  33.8 

9.4 

10.1 

10.8 

9.99872 

73 

6  45.9 

9.6 

10.3 

11.0 

9.99869 

74 

6    6.0 

9.8 

10.5 

11.3 

9.99866 

76 

5  34.3 

10.0 

10.7 

11.5 

9.99864 

78 

4  41.0 

10.1 

10.9 

11.7 

9.99861 

80 

3  56.3 

10.3 

11.1 

11.8 

9.99859 

10.4 

lliJ 

12.0 

83 

3  104 

10.5 

11.3 

12.1 

9.99858 

84 

8  33.7 

10.5 

11.3 

12.1 

9.99857 

86 

1  36.3 

10.5 

11.3 

12.1 

9.99856 

88 

0  48i2 

10.6 

114 

125 

9.99855 

90 

0    0.0 

!  10.6 

11.4 

12.2 

9.99855 

TABLE  LIXL*    83 

Change  of  valves  of  Z, 
.  the  right  ascen.  of  zenithj 
for  hottrs,  minutes,  and 
tenths  of  a  minute. 


H. 

CbanKeofZ. 

— 

Change  of  Z. 

o       f      /' 

o        t         " 

1 

15    2  27.8 

35 

8  46  26i2 

2 

30    4  55.7 

36 

9    1  28.7 

3 

45    7  23.5 

37 

9  16  31.2 

4 

60    9  514 

38 

9  31  33.6 

5 

75  12  19.2 

39 

9  46  36.1 

6  90  14  47.1 

40 
41 

10    1  38.6 
10  16  41.0 

M 

0       '        /' 

1 

0  15    2.5 

42 

10  31  43.5 

2 

0  30    4.9 

43 

10  46  46.0 

3 

0  45    74 

44 

11     1  484 

4 

1    0    9.9 

45 

11  16  50.9 

5 

1  15  12.3 

46 

11  31  53.3 

6 

1  30  14.8 

47 

11  46  55.8 

7 

1  45  17.2 

48 

12    1  58.3 

8 

2    0  19.7 

49 

12  17    0.7 

9 

2  15  22.2 

50 

12  32    3.2 

10 

2  30  24.6 

51 

12  47    5.7 

11 

2  45  27.1 

52 

13    2    8.1 

12 

3    0  29.6 

53 

13  17  10.6 

P 

3  15  32.0 

54 

13  32  13.1 

14 
15 

3  30  34.5 
3  45  37.0 

55 

13  47  15.5 

56 

14    2  18.0 

16 

4    0  39.4 

57 

14  17  20.5 

17 

4  15  41.9 

58 

14  32  22.9 

18 

4  30  444 

59 

14  47  254 

19 

4  45  46.8 

60 

15    2  27.8 

20 

5    0  49.3 

Hl 

O      /       n 

21 

5  15  51.7 

0.1 

0    1  30.2 

22 

5  30  543 

0.2 

0    3    0.5 

23 

5  45  56.7 

0.3 

0    4  30.^ 

24 

6    0  59.1 

04 

0    6    1.0 

25 

6  16    1.6 

0.5 

0    7  31.2 

26 

6  .31    4.1 

0.6 

0    9    1.5 

27 

6  46    6.5 

0.7 

0  10  31.7 

28 

7     1     9.0 

0.8 

0  12    2.0 

29 

7  16  11.5 

0.9 

0  13  32.3 

30 

7  31  13.9 

1.0 

0  15    3.5 

31 

7  46  164 

32 

8    1  18.9 

33 

8  16  21.3 

34 

8  31  23.8 

35 

8  46  26.2 
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84     TABLE  LXXll. 
Logarithmg  x  and  y. 
Ab6.    G«og.  Latitude. 


TABLE  LXXin.  ' 

Values  of  v!  and  i/. 
Aag.     b"  for  «'.        Ah©.  ^  for  ©'. 


Arg. 
0° 

Log.x 

Logy 

1.00000 

0.99710 

2 

1.00000 

0.99710 

4 

1.00001' 

0.99711 

6 

1.00002 

0.99712 

8 

1.00003 

0.99713 

10 

1.00004 

0.99714 

12 

1.00006 

0.99716 

14 

1.00008 

0.99718 

16 

1.00011 

0.99721 

18 

1.00014 

0.99724 

20 

1.00017 

0i)9727 

22 

1.00020 

0-99730 

24 

1.00024 

0.99734 

26 

1.00028. 

0.99738 

28 

1.00032 

0.99742 

30 

1.00036 

0^9746 

32 

1.00041 

0.99751 

34 

1.00045 

0.99755 

36 

1.00050 

0.99760 

38 

1.00055 

0.99765 

40 

1,00060 

0.99770 

42 

1.00065 

0.99775 

44 

1.00070 

0.99780 

46 

1.00075 

0.99785 

48 

1.00080 

0.99790 

50 

1.00085 

0.99795 

52 

1.00090 

0.99800 

54 

1.00095 

0.99805 

56 

1.00100 

0.99810 

58 

1.00105 

0.99815 

60 

1.00109 

0.99819 

62 

1.00113 

0.99823 

64 

1.00117 

0.99827 

66 

1.00121 

0.99831 

68 

1.00125 

0.99835 

70 

1.00128 

0.99838 

72 

1.00131 

0.99841 

74 

1.00134 

0.99844 

76 

1.00137 

0.99847 

78 

1.00139 

0.99849 

80 

1.00141 

0.99851 

82 

1.00143 

0.99853 

84 

1.00143 

0^9853 

86 

1.00144 

0.99854 

88 

1.00145 

0.99855 

90 

1.00145 

0.99855 

Arg. 

tt' 

v' 

Arg. 

W 

vT 

0.0 

0.000 

0.000 

5.0 

1309 

1312 

0.1 

0.026 

0.026 

5.1 

1.335 

1339 

0.2 

0.052 

0.052 

5M 

1.361 

1365 

0.3 

0.079 

0^79 

5.3 

1388 

1.391 

0.4 

0.105 

0.105 

54 

1.414 

1.417 

0.5 

0.131 

0.131 

5.5 

1.440 

1.444 

0.6 

0.157 

0.157 

5.6 

1.466 

1470 

0.7 

0.183 

0.184 

5.7 

1.492 

1496 

0.8 

Oi209 

omo 

5.8 

1.518 

i322 

03 

0.236 

Oi236 

53 

1.545 

1349 

1.0 

0.262 

Oi262 

6.0 

1.571 

1375 

1.1 

0588 

0589 

6.1 

1.597 

1301 

l^ 

0.314 

0.315 

65 

1.623 

1.627 

1.3 

0.340 

0.341 

6.3 

1.649 

1.654 

1.4 

0.367 

0.367 

64 

1.676 

1.680 

1.5 

0J98 

0J94 

6.5 

1.708 

1.706 

1.6 

0.419 

0420 

6.6 

1.728 

1.739 

1.7 

0.445 

0446 

6.7 

1.754 

1.759 

1.8 

0.471 

0472 

6.8 

1.780 

1.785 

1.9 

0.497 

0.499 

63 

1.806 

1.611 

2.0 

0.524 

0.525 

7.0 

1.833 

1.837 

2.1 

0.550 

0.551 

7.1 

1359 

1.864 

2.2 

0.576 

0.577 

75 

1.885 

1.890 

2.3 

0.602 

0.604 

73 

1311 

1316 

2.4 

0.628 

0.630 

74 

1337 

1349 

2.5 

0.654 

0.656 

7i; 

1369 

1369 

2.6 

0.681 

0.682 

7.6 

1390 

1395 

2.7 

0.707 

0.709 

7.7 

2316 

2.021 

2.8 

0.733 

0.735 

7.8 

2.042 

2.047 

2S 

0.759 

0.761 

73 

2368 

2.074 

3.0 

0.785 

0.787 

ao 

2394 

2.100 

3.1 

0.812 

0.814 

8.1 

2.121 

2.196 

3.2 

0.838 

0.840 

85 

2.147 

9.152 

3J) 

0.864 

0.866 

83 

2.173 

9.179 

34 

0.890 

0.892 

84 

2.199 

9.2a5 

3.5 

0i>16 

0319 

8i» 

2525 

2531 

3.6 

0.942 

0345 

8.6 

2551 

2.257 

3.7 

0.969 

0371 

8.T 

2578 

2584 

3.8 

0i>95 

0397 

8.8 

2.304 

2310 

3.9 

1.021 

1.024 

83 

2.330 

2.336 

4.0 

1.047 

1.050 

9.0 

2356 

2362 

4.1 

1.073 

1.076 

9.1 

2.382 

2.380 

4^ 

1.100 

1.102 

95 

2.409 

2.415 

4.3 

1.126 

1.129 

93 

2435 

2.441 

4.4 

1.152 

1.155 

94 

2461 

2467 

4.5 

1.178 

1.181 

9.5 

2.487 

2.494 

46 

1.204 

1507 

9.6 

2.513 

2320 

4.7 

1.230 

1534 

9.7 

2339 

2346 

4.8 

liK7 

1560 

9.8 

2366 

9372 

4.9 

lil83 

1586 

93 

2.592 

2399 

5.0 

1.309 

1.312 

10.0 

2.618 

2.625 
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Log.  of  ^  tin*  f'  «n.  i,  or  Log.  A.;  Log.  of  ^  cos. 
f\  or  Log.  B.;  Log,  of  ^  «n.  ^\  or  Log,  ¥,;  Log. 
off  COS.  f'  sin.  I,  taken  negativCy  or  Log.  G.;  and 
value  of  f  »  ^  sin,  f'  cos.  i.  For  the  places  in  the 
table. 


PUces. 

Log.  A 

Log.B 

Log.F 

Log.G 

/ 

Albany, 

Baltimore, 

Boeton, 

Charleston, 

CharlotteflvUle, 

0.429 
0.399 
0.426 
0.331 

0.387 

0.867 
0.889 
0.869 
0.925 
0.897 

0.829 
0.799 
0.826 
0.731 
0.787 

0.467n 
0.489n 
0.469n 
0.525n 
0.497n 

+  6.18 
5.78 
6.15 
4.94 
5.62 

Cincinnati, 
Lancaster, 
New  Httven, 
New  Orleans, 
New  York, 

0.397 
0.406 
0.417 
0.296 
0.412 

0.890 
0.886 
0.876 
0.938 
0.880 

0.7P7 
0.806 
0.817 
0696 
0.812 

0.490n 
0.486n 
0.476n 
0.538n 
0.480n 

+  5.75 

5.87 

ao2 

455 
5.95 

Philadelphia, 

PittsbQr|r, 

Princeton, 

Providence, 

Richmond, 

0.405 
0410 
0.409 
0.422 
0^82 

0.8a5 
0.882 
0.883 
0.873 
0.900 

0.805 
0.810 
0.809 
0.822 
0.782 

©©©©© 

+  5.86 
5.92 
5.91 
6.09 
5.56 

Savannah, 
.Washinfton, 

0.323 
0.395 

0.928 
0.892 

0.723 
0.795 

0.528n 
0.492n 

+  4.84 
5.73 

TABLB  LXXV. 

Value  of  r  iBs 
moon's  reduced 
semidiameter. 

Arc.  Moon's 
Hor.  Par. 


Arg, 

r 

53 

2.7324 

54 

2.7323 

55 

2.7321 

56 

2.7320 

57 

2.7319 

58 

2.7318 

59 

2.7316 

60 

2.7315 

61 

2.7314 

62 

2.7313 

TABLE  LXXV  I. 


Correction  of  R,  the  Suns  reduced  semidiameter. 


Asouxxnts.     Arg.  E  at  top,  and  sun's  semidiameter  at  the  side. 


1 

2 

3 

4 

5 

,6 

7 

8 

9 
.0414 

10 

15'   46" 

.0046 

.0092 

^138 

.0184 

.0230 

.0276 

.0322 

.0368 

.0460 

48 

46 

92 

138 

184 

230 

276 

323 

369 

415 

461 

15    50 

J0046 

.0092 

.0139 

.0185 

.0231 

.0277 

.0323 

.0369 

.0416 

.0462 

52 

46 

93 

139 

185 

231 

278 

324 

370 

416 

463 

54 

46 

93 

189 

185 

232 

278 

325 

371 

417 

464 

56 

46 

93 

139 

186 

232 

279 

325 

372 

418 

465 

58 

47 

93 

140 

186 

233 

279 

326 

372 

419 

466 

16     0 

.0047 

.0093 

.0140 

.0187 

.0233 

.0280 

.0327 

.0373 

JD4S10 

.0467 

2 

47 

94 

140 

187 

234 

281 

327 

374 

m 

468 

4 

47 

94 

141 

187 

234 

281 

328 

375 

422 

468 

6 

47 

94 

141 

188 

235 

282 

329 

■376 

423 

469 

8 

47 

94 

141 

188 

235 

282 

329 

376 

423 

470 

16    10 

.0047 

.0094 

JdUl 

.0189 

.0236 

.0283 

.0330 

.0377 

.0424 

.0471 

12 

47 

94 

142 

189 

236 

283 

331 

378 

425 

472 

14 

47 

95 

142 

189 

237 

284 

331 

379 

426 

473 

16 

47 

95 

142 

190 

237 

285 

332 

380 

427 

474 

18 

48 

95 

143 

190 

238 

285 

833 

380 

428 

475 
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86  TABLE  LXXriI. 

LogarUhmxc  Sines^  Cosines,  and  Tanffents,  to  three  decimal  figvres. 


Arc 

Sine 

Ck)8. 

Tat.. 

Arc 

Arc 

Sine 

Cos. 

Tan. 

Arc 

(P  5' 

7.163 

10.000 

7.163 

179^55' 

9°  0' 

9.194 

9.995 

9500 

17P  0' 

10 

7.464 

10.000 

7.464 

50 

10 

9.202 

9.994 

9508 

50 

30 

7.765 

10.000 

7.765 

40 

20 

9510 

94)94 

9516 

40 

30 

7.941 

10.000 

7.941 

30 

30 

9518 

9.994 

9.224 

30 

40 

8.066 

10.000 

8.066 

20 

40 

9525 

9.994 

9531 

20 

50 

8.163 

10.000 

8.163 

10 

50 

9532 

9.994 

9539 

10 

1    .0 

8.242 

10.000 

8542 

179     0 

10    0 

9540 

9.993 

9546 

170    0 

10 

8.309 

10.000 

8.309 

50 

10 

9547 

9.993 

9554 

50 

20 

8.367 

10.000 

8.367 

40 

20 

9554 

9.993 

9561 

40 

30 

8.418 

10.000 

8.41rt 

30 

30 

9561 

9.993 

9568 

30 

40 

8.464 

10.000 

8.464 

20 

40 

9567 

9.992 

9575 

20 

50 

8.505 

10.000 

8.505 

10 

50 

9574 

9.992 

9582 

10 

2    0 

8.543 

10.000 

8.543 

178     0 

11     0 

9.281 

9.992 

9589 

169    0 

10 

8i;78 

10.000 

8.578 

50 

10 

9587 

9.992 

9595 

50 

20 

8.610 

10.000 

8.610 

40 

20 

9593 

9.991 

9.302 

40 

30 

8.640 

10.000 

8.640 

30 

30 

9.300 

9J91 

9.308 

30 

40 

8.668 

10.000 

8.668 

20 

40 

9.306 

9.991 

9.315 

20 

50 

8.694 

9.999 

8.695 

10 

50 

9.312 

9.991 

9.321 

10 

3    0 

8.719 

9.999 

8.719 

177     0 

12    0 

9.318 

9.990 

9.327 

168    0 

10 

8.742 

9.999 

8.743 

50 

10 

9.324 

9.990 

9.334 

50 

20 

8.765 

9.999 

8.765 

40 

20 

9.330 

9.G90 

9.340 

40 

30 

8.786 

9.999 

8.786 

30 

30 

9.335 

9.990 

9.346 

30 

40 

8.806 

9.999 

8.807 

20 

40 

9.341 

9.989 

9.352 

20 

50 

8.825 

9.999 

8.826 

10 

50 

9.347 

9.969 

9.358 

10 

4    0 

8.844 

9.999 

8.845 

176    0 

13    0 

9.352 

9.989 

9.363 

167    0 

10 

8.861 

9.999 

8.862 

50 

10 

9.358 

9.988 

9.369 

50 

20 

8.878 

9.?99 

8.880 

40 

20 

9.363 

9.988 

9.375 

40 

30 

8.895 

9i)99 

8.896 

30 

30 

9.368 

9i)88 

9.380 

30 

40 

8.910 

9.999 

8.912 

20 

40 

9.373 

9.988 

9.386 

20 

50 

8.926 

9.998 

8.927 

10 

50 

9.379 

9.987 

9.391 

10 

5    0 

8.940 

9.998 

8.942 

175     0 

14    0 

9.384 

9.987 

9.397 

166    0 

10 

8.954 

9.998 

8.956 

50 

10 

9.389 

9.987 

9.402 

50 

20 

8.968 

9.998 

8.970 

40 

20 

9.394 

9.986 

9.407 

40 

30 

8.982 

9.998 

8.984 

30 

30 

9.399 

9.986 

9.413 

30 

40 

8.994 

9.998 

a997 

20 

40 

9.403 

9.986 

9.418 

20 

50 

9.007 

9.998 

9.009 

10 

50 

9.408 

9.985 

9.423 

10 

6    0 

9.019 

9.998 

9.022 

174    0 

15    0 

9413 

9.985 

9.428 

165    0 

10 

9.031 

9.997 

9.034 

50 

10 

9.418 

9J85 

9.433 

50 

20 

9.043 

9.997 

9.045 

40 

20 

9.422 

9.964 

9.438 

40 

30 

9.054 

9.997 

9.057 

30 

30 

9.427 

9.984 

9.443 

30 

40 

9.065 

9.997 

9.068 

20 

40 

9.431 

9J84 

9.448 

20 

50 

9.075 

9.997 

9.079 

10 

50 

9.436 

9.983 

9.453 

10 

7    0 

9.086 

9.997 

9.089 

173     0 

16    0 

9.440 

9.983 

9.457 

164    0 

10 

9.096 

9.997 

9.099 

50 

10 

9.445 

9.982 

9.462 

50 

20 

9.106 

9.996 

9.110 

40 

20 

9.449 

9.982 

9.467 

40 

30 

9.116 

9.996 

9.119 

30 

30 

9.453 

9.982 

9.472 

30 

40 

9.125 

9.996 

9.129 

20 

40 

9.458 

9.981 

9.476 

20 

50 

9.134 

9.996 

9.139 

10 

50 

9.462 

9.981 

9.481 

10 

8    0 

9.144 

9.996 

9.148 

172     0 

17    0 

9.466 

9.981 

9.485 

163    0 

10 

9.152 

9.996 

9.157 

50 

10 

9.470 

9.980 

9.490 

50 

20 

9.161 

9.995 

9.166 

40 

20 

9.474 

9.980 

9.494 

40 

30 

9.170 

9.995 

9.174 

30 

30 

9.478 

9.979 

9.499 

30 

40 

9.178 

9.995 

9.183 

20 

40 

9.482 

9.979 

9.503 

20 

50 

9.186 

9.995 

9.191 

10 

50 

9.486 

9.979 

9.507 

10 

9    0 

9.134 

9.995 

9.200 

171     0 

18    0 

9.490 

9.978 

9;512 

162    0 

TABLE  LXXVIL  87 

Lf^rtthmic  Sines,  Connes,  und  Tan^erUSy  to  three  decimal  jigvreM^ 


Arc 

Sin. 

Co.. 

Tan. 

Arc. 

Arc 

Sin. 

Cos. 

Tan. 

Arc 

180  (K 

9.490 

9.978 

9.512 

1620  0' 

27°  0' 

9.657 

9.950 

9.707 

153°  0' 

10 

9.494 

9.978 

9.516 

50 

10 

9.660 

9.949 

9.710 

50 

2U 

9.498 

9.977 

9.520 

40 

20 

9.662 

9.949 

9.713 

40 

30 

9.501 

9.977 

9.525 

30 

30 

9.664 

9.948 

9.716 

30 

40 

9.505 

9.977 

9.529 

20 

40 

9.667 

9.947 

9.720 

20 

50 

9.509 

9.976 

9.533 

10 

50 

9.669 

9.947 

9.723 

10 

19    0 

9.513 

9.976 

9.537 

161     0 

S8    0 

.9.672 

9.C46 

9.726 

152    0 

10 

9.516 

9.975 

9.541 

50 

10 

9.674 

9.945 

9.729 

50 

20 

9.520 

9.975 

9.545 

40 

20 

9.676 

9.945 

9.732 

40 

30 

9.523 

9.974 

9.549 

30 

30 

9.679 

9.944 

9.735 

30 

40 

9.527 

9.974 

9.553 

20 

40 

9.681 

9.943 

9.738 

20 

50 

9^1 

9.973 

9.557 

10 

50 

9.683 

9.943 

9.741 

10 

30    0 

9.534 

9.973 

9.561 

160    0 

29    0 

9.686 

9.942 

9.744 

151     0 

10 

9.538 

9.973 

9.565 

50 

10 

9.688 

9.941 

9.747 

50 

20 

9.541 

9.972 

9.569 

40 

20 

9.690 

9.940 

9.750 

40 

30 

9.544 

9.972 

9.573 

30 

30 

9.692 

9.940 

9.753 

30 

40 

9.548 

9.971 

9.577 

20 

40 

9.695 

9.939 

9.756 

20 

50 

9i>5] 

9.971 

9.580 

10 

50 

9.697 

9.938 

9.759 

10 

21    0 

9.554 

9.970 

9.584 

159    0 

30     0 

9.699 

9.938 

9.761 

150    0 

10 

9.558 

9.970 

9.588 

50 

10 

9.701 

9.937 

9.764 

50 

20 

9.561 

9.970 

9.592 

40 

20 

9.703 

9.936 

9.767 

40 

30 

9.564 

9.969 

9.595 

30 

30 

9.705 

9.935 

9.770 

30 

40 

9.567 

9.968 

9.599 

20 

40 

9.708 

9335 

9.773 

20 

50 

9.570 

9.968 

9.603 

10 

50 

9.710 

9.934 

9.776 

10 

* 

22    0 

9.574 

9.967 

9.606 

158     0 

31     0 

9.712 

9.933 

9.779 

149    0 

10 

9.577 

9.967 

9.610 

50 

10 

9.714 

9.932 

9.782 

50 

20 

9.580 

9.966 

9.614 

40 

20 

9.716 

9.932 

9.784 

40 

30 

9.583 

9.966 

9.617 

30 

30 

9.718 

9.931 

9.787 

30 

40 

9J588 

9;965 

9.621 

20 

40 

9.720 

9.930 

9.790 

20 

50 

9.589 

9.965 

9.624 

10 

50 

9.722 

9.929 

9.793 

10 

33    0 

9.592 

9.964 

9.628 

157    0| 

32     0 

9.724 

9.928 

9.796 

^^58 

10 

9.595 

9.963 

9.631 

50  1 

10 

9.726 

9.928 

9.799 

20 

9.598 

9.963 

9.635 

40 ' 

20 

9.728 

9.927 

9.801 

40 

30 

9.601 

9.962 

9,638 

30 

30 

9.730 

9.926 

9.804 

30 

40 

9.604 

9.962 

9.642 

20 

40 

9.732 

9.925 

9.807 

20 

50 

9.606 

9.961 

9.645 

10 

1 

50 

9.734 

9.924 

9.810 

10 

24    0 

9.609 

9.961 

9.649 

156    01 

33    0 

9.736 

9.924 

9.813 

147    0 

10 

9.612 

9.960 

9.652 

50 : 

10 

9.738 

9.923 

9.815 

50 

20 

9.615 

9.960 

9.655 

40: 

20 

9.740 

9.922 

9.818 

40 

30 

9.618 

9.959 

9.659 

30 

.  30 

9.742 

9.921 

9.821 

30 

40 

9.620 

9.958 

9.662 

20 

40 

9.744 

9.920 

9.824 

20 

50 

9.623 

9.958 

9.665 

10 

1 

50 

9.746 

9.919 

9.826 

10 

25    0 

9.626 

9i)57 

9.669 

155    01 

34    0 

9.748 

9.919 

9.829 

146    0 

10 

9.629 

9.957 

9.672 

501 

10 

9.749 

9.918 

9.832 

50 

20 

9.631 

9.956 

9.675 

40  1 

20 

9.751 

9.917 

9.834 

40 

30 

9.634 

9.955 

9.678 

30 

30 

9.753 

9.916 

9.837 

30 

40 

9.637 

9.955 

9.682 

20! 

40 

9.755 

9.915 

9.840 

20 

50 

9.639 

9.954 

9.685 

10 

50 

9.757 

9i)14 

9.843 

10 

26    0 

9.642 

9.954 

9.688 

154    0 

35    0 

9.759 

9.913 

9.845 

145     0 

10 

9.644 

9.953 

9.691 

50 

10 

9.760 

9.912 

9.848 

50 

20 

9.647 

9i)52 

9.695 

40 

20 

9.762 

9.912 

9.851 

40 

30 

9.650 

9.952 

9.698 

30 

30 

9.764 

9.911 

9.853 

30 

40 

9.652 

9.951 

9.701 

20 

40 

9.766 

9.910 

9.a56 

20 

50 

9.655 

9.951 

9.704 

10 

50 

9.767 

9.909 

9.859 

10 

9T    0 

9.657 

9.950 

9.707 

153    0 

36    0 

9.769 

9.908 

9.861 

144    0 

^1 

c 

88  TABLE  LXXril. 

Logarithmic  SineSj  Cosinei^  and  TangenU^  to  three  decimal  fgttrei. 


Arc 

Sin. 

Cos. 

Tan. 

Arc 

Arc 

Sin. 

Cofc 

Tan. 

Are 

36^  0' 

9.769 

9.908 

9.861 

144°  0* 

45°  0* 

9.849 

9.849 

10.000 

1350  C 

10 

9.771 

9.907 

9.864 

50 

10 

9.851 

9.848 

10.008 

50 

20 

9.773 

9.906 

9.867 

40 

20 

9.852 

9.847 

10.005 

40 

30 

9.774 

9.905 

9.86J 

30 

30 

9.853 

9.846 

10.008 

30 

40 

9.776 

9.904 

9.872 

20 

40 

9.854 

9.844 

10.010 

SO 

50 

9.778 

9.903 

9.874 

10 

50 

9.856 

9.843 

10.013 

10 

37    0 

9.779 

9.902 

9.877 

143    0 

46    0 

9.857 

9.842 

10.015 

134    0 

10 

9.781 

9.901 

9.880 

50 

10 

9.858 

9.840 

10.018 

50 

20 

9.783 

9.900 

9.882 

40 

20 

9.859 

9.839 

10.030 

40 

30 

9784 

".oiyj 

9.885 

30 

30 

9.861 

9.838 

10.023 

30 

40 

9.786 

9.898 

9.888 

20 

40 

9.862 

9.836 

10.025 

20 

50 

9.788 

9.898 

9.890 

10 

50 

9.863 

9.835 

10.028 

10 

38    0 

9.789 

9.897 

9.893 

142    0 

47    0 

9.864 

9.834 

10.030 

133    0 

10 

9.791 

9.896 

9.895 

50 

10 

9.865 

9.832 

10.033 

50 

20 

9.793 

9.895 

9.898 

40 

20 

9.866 

9.831 

10.035 

40 

30 

9.794 

9.894 

9.901 

30 

30 

9.868 

9.830 

10.038 

30 

40 

9.796 

9.893 

9.903 

20 

40 

9.869 

9.828 

10.040 

20 

50 

9.7^7 

9.892 

9.906 

10 

50 

9.870 

9.827 

10.043 

10 

39    0 

9.799 

9.890 

9.908 

141    0 

48    0 

9.871 

9.836 

10.046 

133    0 

10 

9.800 

9.889 

9.911 

50 

10 

9.872 

9.824 

10.048 

50 

20 

9.802 

9.888 

9.914 

40 

20 

9.873 

9.8^ 

10.051 

40 

30 

9.804 

9.887 

9.916 

30 

30 

9.874 

9.821 

10.053 

30 

40 

9.805 

9.886 

9.919 

20 

40 

9,876 

9.820 

10.056 

20 

50 

9.807 

9.885 

9.921 

10 

50 

9.877 

9.818 

10.058 

10 

10    0 

9.808 

9.884 

9.924 

140    0 

49     0 

9.878 

9.817 

10.061 

131    0 

10 

9.810 

^9.883 

9.926 

50 

10 

9.879 

9.815 

10.063 

50 

20 

9.811 

9.882 

9.929 

40 

20 

9.880 

9.814 

10.066 

40 

30 

9.813 

9.881 

9.931 

30 

30 

9.881- 

9.813 

10.068 

30 

40 

9.814 

9.880 

9.934 

20 

40 

9.882 

9.811 

10.071 

20 

50 

9.815 

9.879 

9.937 

10 

50 

9.883 

9.810 

10.074 

10 

41    0 

9.817 

9.878 

9.939 

139    0 

50    0 

9.884 

9.808 

10.076 

130    0 

10 

9.818 

9.877 

9.942 

50 

10 

9.885 

9.807 

10.079 

50 

20 

9.820 

9.876 

9.944 

40 

20 

9.836 

9.805 

iOMl 

40 

30 

9.821 

9.874 

9.947 

30 

30 

9.887 

9.804 

10.064 

30 

40 

9.823 

9.873 

9.949 

20 

40 

9.888 

9.802 

10.086 

20 

50 

9.824 

9.872 

9.952 

10 

50 

9.889 

9.800 

10.069 

10 

42    0 

9.826 

9.871 

9.954 

138    0 

51     0 

9.890 

9.799 

10.093 

129    0 

10 

9.827 

9.870 

9.957 

50 

10 

9.892 

9.797 

10.094 

50 

20 

9.828 

9.869 

9.960 

40 

20 

9.893 

9.796 

10.097 

40 

30 

9.830 

9.868 

9.962 

30 

30 

9.894 

9.794 

10.099 

30 

40 

9.831 

9.866 

9.965 

20 

40 

9.895 

9.793 

10.103 

20 

50 

9^2 

9.865 

9.967 

10 

50 

9.896 

9.791 

10.105 

10 

43    0 

9  834 

9.864 

9.970 

137    0 

52    0 

9.897 

9.789 

10.107 

198    0 

10 

9.835 

9.863 

9.972 

50 

10 

9.898 

9.788 

10.110 

50 

20 

9.836 

9.862 

9.975 

40 

20 

9.898 

9.786 

10.112 

40 

30 

9.838 

9.861 

9.977 

30 

30 

9.899 

9.784 

10.115 

30 

40 

9.839 

9.859 

9.980 

20 

40 

9.900 

9.783 

10.118 

20 

50 

9.840 

9.858 

9.982 

10 

50 

9.901 

9.781 

10.130 

10 

44    0 

9.842 

9.857 

9.985 

136    0 

53    0 

9.903 

9.779 

10.133 

197    0 

10 

9.843 

9.856 

9.987 

50 

10 

9.903 

9.778 

10.136 

50 

20 

9.844 

9.854 

9.990 

40 

20 

9.904 

9.776 

10.128 

40 

30 

9.846 

9.853 

9.992 

30 

30 

9.905 

9.774 

10.131 

30 

40 

9.847 

9.852 

9.995 

20 

40 

9.906 

9.773 

10.133 

30 

50 

9.848 

9.851 

9.997 

10 

50 

9.907 

9.771 

10.136 

10 

45    0 

9.849 

9.849 

10.000 

135    0 

154    0 

9.908 

9.769 

10.139 

196    0 

TABLE  IXiVU. 
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Logarithmic  Sines^  Cosines,  and 

Tangents,  to  three  decimal  figures* 

Arc 

Sin. 

Coi. 

Tan. 

Arc 

Arc 

Sin. 

Cos. 

Tan. 

Arc 

54°  C 

9.908 

9.769 

10.139 

126°  0' 

63°  0* 

9.950 

9.657 

10593 

1170  0* 

10 

9.909 

9.767 

10.141 

50 

10 

9.951 

9.655 

10596 

50 

30 

9.910 

9.766 

10.144 

40 

20 

9.951 

9.652 

10599 

40 

30 

9.911 

9.764 

10.147 

30 

30 

9.952 

9.650 

1(!.302 

30 

40 

9.912 

9.762 

10.149 

20 

40 

9.952 

9.647 

10.305 

20 

50 

9.912 

9.760 

10.152 

10 

50 

9.953 

9.644 

10.309 

10 

55    0 

9.913 

9.759 

10.155 

125    0 

64    0 

9.054 

9.642 

10.312 

116    0 

10 

9.914 

9.757 

10.157 

50 

10 

9.i»54 

9.639 

10.315 

50 

20 

9.915 

9.755 

10.160 

40 

20 

9.955 

9.637 

10.318 

40 

30 

9^16 

9.753 

10.163 

30 

30 

9.955 

9.634 

10.321 

30 

40 

9i»17 

9.751 

10.166 

20 

40 

9.956 

9.631 

10.325 

20 

50 

9.918 

9.749 

10.168 

10 

50 

9.957 

9.629 

10.328 

10 

56    0 

9.919 

9.748 

10.171 

124    0 

65    0 

9.957 

9.626 

10.331 

115    0 

10 

9i)19 

9.746 

10.174 

50 

10 

9.958 

9.623 

10.335 

50 

20 

9.920 

9.744 

10.176 

40 

20 

9.958 

9.621 

10.338 

40 

30 

9.921 

9.742 

10.179 

30 

30 

9.959 

9.618 

10.341 

30 

40 

9.922 

,9.740 

10.182 

20 

40 

9.960 

9.615 

10.345 

20 

50 

9.923 

9.738 

10.185 

10 

50 

9.960 

9.612 

10.348 

10 

57    0 

9.924 

9.736 

10.187 

123    0 

66    0 

9.961 

r.609 

10.351 

114    0 

10 

9.924 

9.734 

10.190 

50 

10 

9.961 

9.606 

10.355 

50 

20 

9.925 

9.732 

10.193 

40 

20 

9.962 

9.604 

10.358 

40 

30 

9.926 

9.730 

10.196 

30 

30 

9.962 

9.601 

10.362 

30 

40 

9.927 

9.728 

10.199 

20 

40 

9.963 

9.598 

10.365 

20 

5U 

9.928 

9.726 

10.201 

10 

50 

9.963 

9.595 

10.369 

10 

58    0 

9i)28 

9.724 

10.204 

122    0 

67    0 

9.964 

9.592 

10.372 

113    0 

10 

9.929 

9.72Q 

10507 

50 

10 

9.965 

9J589 

10.376 

50 

20 

9.930 

9.720 

10.210 

40 

20 

9.965 

9.586 

10.379 

40 

30 

9.931 

9.718 

10.213 

30 

30 

9.966 

9.583 

10.383 

30 

40 

9.932 

9.716 

10.216 

20 

40 

9.966 

9.580 

10.386 

20 

50 

9.932 

9.714 

10.218 

10 

50 

9.967 

9.577 

10.390 

10 

59    0 

9.933 

9.712 

10.221 

121     0 

68    0 

9.967 

9.574 

10.394 

112    0 

10 

9.934 

9.710 

10.224 

50 

10 

9.968 

9.570 

10.397 

50 

20 

9.936 

9.708 

10.227 

40 

20 

9.968 

9.567 

10.401 

40 

30 

9.935 

9.705 

10.230 

30 

30 

9.969 

9.564 

10.405 

30 

40 

9,936 

9.703 

10.233 

20 

40 

9.969 

9.561 

10.408 

20 

50 

9.937 

9.701 

10.236 

10 

50 

9.970 

9.558 

10.412 

10 

60    0 

9.938 

9.699 

10J239 

120    0 

69    0 

9:970 

9.554 

10.416 

111     0 

10 

9.938 

9-697 

10.241 

50 

10 

9.971 

9.551 

10420 

50 

20 

9.939 

9.695 

J  0.244 

40 

20 

9.971 

9.548 

10.423 

40 

30 

9.940 

9.692 

10.247 

SO 

30 

9.972 

9.544 

10.427 

30 

40 

9.940 

9.690 

10550 

20 

40 

9.972 

9.541 

10.431 

20 

50 

9.941 

9.6S8 

10553 

10 

50 

9i)73 

9.538 

10.435 

10 

61    0 

9342 

9.666 

10.256 

119    0 

70    0 

9.973 

9.534 

10439 

110    0 

10 

9.943 

9.683 

10559 

50 

10 

9.973 

9.531 

10.443 

50 

20 

9.943 

9.681 

10562 

40 

20 

9.974 

9.527 

10.447 

40 

30 

9.944 

9.679 

10565 

30 

30 

9.974 

9.523 

10.451 

30 

40 

9.945 

9L676 

10568 

20 

40 

9.975 

9.520 

10.455 

20 

-  50 

9.945 

9.674 

10.271 

10 

50 

9.975 

9.516 

10.459 

10 

62    0 

9.946 

9.672 

10574 

118    0 

71    0 

9.976 

9.513 

10.463 

109    0 

10 

9.947 

9.669 

10577 

50 

10 

9.976 

9509 

10.467 

50 

20 

9.947 

9.667 

10.280 

40 

20 

9.977 

9.505 

10.471 

40 

30 

9.948 

9.664 

10584 

30 

30 

9.977 

9.301 

10.475 

!     30 

40 

9.949 

9.662 

10.287 

20 

40 

9.977 

9.498 

10.180 

20 

50 

9.949 

9.660 

10590 

10 

50 

9.978 

9.494 

10.484 

10 

63    0 

9.950 

9.657 

10593 

117    0 

72    0 

9.978 

9.490 

10.488 

108    0 

12 

C^CiCi 
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LogarUhndc 

Sines, 

ConneSf  and  ' 

Tangents^  to  three  decimal  figures. 

Arc 

Sin. 

Cos. 

Tan. 

Arc 

Arc 

Sin. 

Cot. 

Tw. 

Arc 

1^  0' 

9.978 

9.490 

10.488 

108°  0' 

81°  0' 

9.995 

9.194 

10.800 

99°  0' 

10 

9.979 

9.486 

10.4i^3 

50 

10 

9.995 

9.186 

10.809 

50 

20 

9.979 

9.482 

10.497 

40 

20 

9.995 

9.178 

10.817 

40 

30 

9.979 

9.478 

10.501 

30 

30 

9.995 

9.170 

10.825 

30 

40 

9.980 

9.474 

10.506 

20 

40 

9.995 

9.161 

10.834 

20 

50 

9.980 

9.470 

10.510 

10 

50 

9.996 

9.152 

10.843 

10 

73    0 

9.981 

9.466 

10.515 

107    0 

82    0 

9.996 

9.144 

10.852 

98    0 

10 

9.981 

9.462 

10.519 

50 

10 

9.996 

9J34 

10.861 

50 

20 

9.981 

9.458 

10.524 

40 

20 

9.996 

9.125 

10.871 

40 

30 

9.982 

9.453 

10.528 

30 

30 

9.996 

9.116 

10.881 

30 

40 

9.982 

9.449 

10.533 

20 

40 

9.996 

9.106 

10.890 

20 

50 

9.982 

9.445 

10.538 

10 

50 

9.997 

9.096 

10.901 

10 

74    D 

9.983 

9.440 

10.542 

106    0 

83    0 

9.997 

9.086 

10.911 

97    0 

.     10 

9.983 

9.436 

10.547 

50 

10 

9.997 

9.075 

10.921 

50 

20 

9.984 

9.431 

10.552 

40 

20 

9.997 

9.064 

10.932 

40 

30 

9.984 

9.427 

10.557 

30 

30 

9.997 

9.054 

10.943 

30 

40 

9.984 

9.422 

10.562 

20 

40 

9.997 

9.043 

10.955 

20 

50 

9.985 

9.418 

10.567 

10 

50 

9.997 

9.U31 

10.966 

10 

75    0 

9.985 

9413 

10.572 

105    0 

84    0 

9.998 

9.019 

10.978 

96    0 

10 

9.985 

9408 

10.577 

50 

10 

9.998 

9.007 

10.991 

50 

20 

9.986 

9.403 

10.582 

40 

20 

9.998 

8.994 

11.003 

40 

30 

9.986 

9.399 

10.587 

30 

30 

9.998 

8.982 

11.016 

30 

40 

9.986 

9.394 

10.593 

20 

40 

9.998 

8i)68 

11.030 

20 

50 

9.987 

9.389 

10.598 

10 

50 

9.998 

8.954 

11.044 

10 

76    0 

9.987 

9.384 

10.603 

104    0 

85    0 

9.998 

8.940 

11.058 

95    0 

10 

9.987 

9.379 

10.609 

50 

10 

9.998 

8.926 
8.9ia 

11.073 

50 

20 

9.988 

9.373 

10.614 

40 

20 

9.999 

11.088 

40 

30 

9.988 

9.368 

10.620 

30 

30 

9.999 

8.895 

1U04 

30 

40 

9.988 

9.363 

10.625 

20 

40 

9.999 

8.878 

11.120 

20 

50 

9.988 

9.358 

10.631 

10 

50 

9.999 

8.861 

11.138 

10 

77    0 

9.989 

9.352 

10.637 

103    0 

86    0 

9.999 

8.844 

11.155 

94    0 

10 

9.989 

9.347 

10.642 

50 

10 

9.999 

8.825 

11.174 

50 

20 

9.989 

9.341 

10.648 

40 

20 

9.999 

8.806 

11.193 

40 

30 

9.990 

9.335 

10.654 

30 

30 

9.999 

8.786 

11514 

30 

40 

9.990 

9.330 

10.660 

20 

40 

9-999 

8.765 

11535 

20 

50 

9.990 

9.324 

10.666 

10 

50 

9.999 

8.742 

11557 

10 

78    Q 

9.990 

9.318 

10.673 

102    0 

87    0 

9.999 

8.719 

11581 

93    0 

10 

9.991 

9.312 

10.679 

50 

10 

9.999 

8.694 

11.305 

50 

20 

9.991 

9.306 

10.685 

40 

20 

10.000 

8.668 

11.332 

40 

30 

9.991 

9.300 

10.692 

/      30 

30 

10.000 

8.640 

11.360 

30 

40 

9.991 

9.293 

10.6<;8 

20 

40 

10.000 

8.610 

11.390 

20 

50 

9.992 

9ii87 

10.705 

10 

50 

Icooo 

a578 

11.422 

10 

79    0 

9.992 

9.281 

10.711 

101     0 

88    0 

10.000 

8.543 

11.457 

92    0 

10 

9.992 

9iJ74 

10.718 

50 

10 

10.000 

8.505 

11.495 

50 

20 

9.992 

9.267 

10.725 

40 

20 

10.000 

8.464 

11.536 

40 

30 

9.993 

9561 

10.732 

30 

30 

10.000 

8.418 

11.582 

30 

40 

9.993 

9.254 

10.739 

20 

40 

10.000 

8.367 

11.633 

20 

50 

9.993 

9ii47 

10.746 

10 

50 

10.000 

8.309 

11.691 

10^ 

80    0 

9.993 

9540 

10.754 

100    0 

89    0 

10.000 

8.242 

11.758 

91    0 

10 

9.994 

9532 

10.761 

50 

10 

10.000 

8.171 

11.829 

50 

20 

9.994 

9525 

10.769 

40 

20 

10.000 

8.076 

11.923 

40 

30 

9.994 

9518 

10776 

30 

30 

10.000 

7.955 

12.045 

SO 

40 

9.994 

9510 

10.784 

20 

40 

10.000      7.786 

12514 

20 

60 

9.994 

9502 

10.7.92 

10 

50 

10.000      7.505 

12.495 

10 

81    0 

9.995     9.194 

10.800 

99    0 

89  55 

10.000     7.163 

12.837 

90    5 
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TABLE  LXXVIII.  91 

LogariihiM  to  three  decimal  Jigures,  vnth  the  corresponding  Natural 

Numbers. 


No. 

Log. 

No. 

Log. 

No. 

Log. 

No. 

Log.j 

No. 

Log. 

100 

^00 

112 

.050 

126 

.100 

141 

.110 
.151 

158 

.200 

100 

.001 

112 

.051 

126 

.101 

142 

159 

.201 

100 

.002 

113 

.052 

126 

.102 

142 

.152 

159 

.202 

101 

.003 

113 

.053 

127 

.103  . 

142 

.153 

160 

J303 

101 

.004 

113 

.054 

127 

.104, 

143 

.154 

160 

.204 

101 

.005 

114 

.055 

•  127 

.105 

143 

.155 

160 

M5 

101 

.006 
.007 

114 

.056 

128 

.106  i 

143 

.156 

161 

.206 

102 

114 

.057 

128 

.107  ! 

144 

.157 

161 

.207 

102 

.008 

114 

.058 

128 

.108  1 

144 

.158 

161 

jm 

102 

.009 

115 

.059 

129 

.109 

144 

.159 

162 

il09 

102 

.010 

115 

.060 

129 

.110 

145 

.160 

162 

mo 

103 

.011 

115 

.061 

129 

.111 

145 

.161 

163 

511 

J  03 

.012 

115 

.062 

129 

.112 

145 

.162 

163 

i212 

103 

.013 

116 

.063 

130 

.113 

146 

.163 

163 

.213 

103 

.014 

116 

.064 

130 

.114 

146 

.164 

164 

J914 

104 

.015 

116 

.065 

130 

.115 

146 

.165 

164 

J815 

104 

.016 

116 

.066 

131 

.116 

147 

.166 

164 

i216 

104 

.017 

117 

.067 

131 

.117 

147 

.167 

165 

ai7 

104 

.018 

117 

.068 

131 

.118 

147 

J68 

165 

ms 

104 

.019 

117 

.069 

132 

.119 

148 

.169 

166 

.219 

105 

.020 

117 

.070 

132 

.120 

148 

.170 

166 

i220 

105 

.021 

118 

.071 

132 

.121 

148 

.171 

166 

J221 

105 

.022 

118 

.072 

132 

.122 

149 

.172 

167 

i222 

105 

.023 

118 

.073 

133 

.123 

149 

.173 

167 

i223 

106 

.024 

119 

.074 

133 

.124 

149 

.174 

167 

J»4 

106 

.025 

119 

.075 

133 

.125 

150 

.175 

168 

i225 

106 

.026 

119 

.076 

134 

.126 

150 

.176 

168 

i226 

106 

.027 

119 

.077 

134 

.127 

150 

.177 

169 

i227 

107 

.028 

120 

.078 

134 

.128' 

151 

.178 

169 

i228 

107 

.029 

120 

.079 

135 

.129 

151 

.179 

169 

J329 

107 

.030 

120 

.080 

135 

.130 

151 

.180 

170 

.230 

107 

.031 

121 

.081 

135 

.131 

152 

.181 

170 

J231 

108 

.032 

121 

.082 

136 

.132 

152 

.182 

171 

sm 

108 

.033 

121 

.083 

136 

.133 

152 

.183 

171 

J333 

108 

.034 

121 

.084 

136 

.134 

153 

.184 

171 

j^4 

108 

.035 

122 

.085 

136 

.135 

153 

.185 

172 

SA5 

109 

.036 

122 

.086 

137 

.136 

153 

.186 

172 

S3S 

109 

.037 

122 

.087 

137 

.137 

154 

.187 

173 

537 

109 

.038 

122 

.088 

137 

.138 

154 

.186 

173 

538 

109 

.039 

123 

.089 

138 

.139 

155 

.189 

173 

539 

110 

.040 

123 

.090 

138 

.140 

155 

.190 

174 

540 

110 

.041 

123 

.091 

138 

.141 

155 

.191 

174 

541 

110 

.042 

124 

.992 

139 

.142 

156 

.192 

175 

542 

110 

XMd 

124 

.093 

139 

.143 

156 

.193 

175 

543 

111 

.044 

124 

.094 

139 

.144 

156 

.194 

175 

544 

111 

.045 

124 

.095 

^  140 

.145 

157 

.195 

176 

545 

111 

.046 

125 

.096 

'  140 

.146 

157 

.196 

176 

546 

111 

.047 

125 

.097 

140 

.147 

157 

.197 

177 

547 

119 

.048 

125 

.098 

141 

.148 

158 

J98 

177 

548 

113 

.049 

126 

.099 

141 

.149 

158 

.199 

178 

Si^ 

112 

.050 

126 

.100 

141 

.150 

158 

.200 

178 

550 
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92  TABLE  LXXVIIl. 

LogturithmB  to  three  decimal  fignres^  with  the  eorretponding  Natural 

Numbers. 


No. 

Log. 

No. 

Log. 

No. 

w. 

No. 

w. 

No. 

Lojf. 

178 

.250 

«00 

.300 

224 

'.350 

251 

.400 

282 

450 

178 

iJ51 

200 

.301 

224 

.351 

2.52 

.401 

282 

451 

179 

S15U 

200 

.302 

225 

.352 

252 

.403 

283 

453 

179 

S153 

201 

.303 

225 

.353 

253 

.403 

284 

453 

179 

i254 

20i 

.304 

226 

.354 

254 

.404 

384 

454 

180 

i255 

202 

.305 

226 

.355 

254 

405 

385 

.455 

180 

.256 

202 

.306 

227 

.356 

255 

406 

386 

456 

181 

Ji57 

203 

.307 

228 

.357 

255 

.407 

286 

457 

181 

.258 

203 

.308 

228 

.358 

256 

408 

287 

.458 

182 

i259 

204 

.309 

229 

.35U 

256 

409 

288 

.459 

183 

i260 

204 

.310 

229 

.360 

257 

410 

288 

.460 

182 

Si61 

205 

.311 

230 

.361 

258 

.411 

289 

.461 

183 

562 

205 

.312 

23J 

.362 

258 

412 

290 

4^ 

183 

J263 

206 

.313 

231 

.363 

259 

413 

290 

463 

184 

J264 

206 

.314 

231 

.364 

259 

414 

291 

464 

184 

SIS5 

207 

.315 

232 

^65 

260 

415 

292 

465 

185 

M6 

207 

.316 

232 

.366 

261 

416 

393 

.466 

185 

Ml 

207 

.317 

233 

^67 

261 

417 

393 

467 

185 

i268 

208 

.318 

233 

.368 

262 

418 

294 

.468 

186 

Md 

208 

.319 

234 

.369 

262 

419 

294 

469 

186 

570 

209 

.320 

234 

.370 

263 

.420 

395 

.470 

187 

571 

209 

.321 

235 

.371 

264 

.421 

296 

.471 

187 

572 

210 

.322 

236 

.372 

264 

.422 

296 

.473 

187 

573 

210 

.323 

236 

.373 

265 

.423 

297 

473 

188 

574 

211 

.324 

237 

.374 

265 

.424 

398 

.474 

188 

575 

211 

.325 

237 

.375 

266 

.435 

399 

.475 

189 

576 

212 

.326 

238 

.376 

267 

.426 

399 

476 

189 

577 

212 

.327 

238 

.377 

267 

.427 

300 

477 

190 

578 

213 

.328 

239 

.378 

268 

.428 

301 

.478 

190 

579 

213 

.329 

239 

.379 

269 

.429 

301 

.479 

191 

580 

214 

.330 

240 

.380 

369 

.430 

303 

480 

191 

581 

214 

.331 

240 

.381 

370 

.431 

303 

481 

191 

582 

215 

.332 

241 

.382 

370 

.432 

303 

482 

193 

583 

215 

.333 

242 

.383 

271 

.433 

304 

.483 

193 

584 

216 

Mi 

242 

.384 

373 

434 

305 

.484 

193 

585 

216 

.335 

243 

.385 

373 

435 

305 

.485 

193 

586 

217 

.336 

243 

.386 

273 

.436 

306 

486 

194 

587 

217 

.337 

244 

.387 

374 

437 

307 

487 

194 

588 

218 

.338 

244 

.388 

374 

.438 

308 

488 

195 

589 

218 

.339 

245 

.389 

375 

439 

308 

489 

195 

590 

219 

.340 

245 

.390 

375 

.440 

309 

490 

195 

591 

219 

.341 

246 

.391 

376 

.441 

310 

.491 

196 

592 

220 

.342 

247 

.392 

377 

.443 

310 

.493 

196 

593 

220 

.343 

247 

.393 

377 

.443 

311 

493 

197 

594 

221 

.344 

248 

.394 

378 

.444 

313 

494 

197 

595 

221 

.345 

248 

.395 

379 

.445 

313 

.495 

198 

596 

222 

.346 

249 

.396 

379 

.446 

313 

.496 

198 

597 

223 

.347 

249 

.397 

380 

.447 

314 

.497 

199 

598 

223 

.348 

250 

.398 

381 

448 

315 

.498 

199 

599 

333 

.349 

251 

.399 

381 

449 

315 

.499 

900 

.300 

334 

jm 

251 

400 

388 

.450 

316 

^ 
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TABLE  LXXVIII.  93 

Logarithm$  to  three  decimal  figures,  leith  the  corresponding  Nuiural 

Numbers. 


No. 

Log. 

No. 

Log. 

No. 

Log. 

No. 

U>g. 

No. 

Log. 

316 

jm 

355 

.550 

398 

.600 

447 

.610 

501 

.700 

317 

.501 

356 

.551 

399 

.601 

448 

.651 

502 

.701 

318 

.502 

356 

.552 

400 

.602 

449 

.652 

504 

.702 

318 

.503 

357 

.553 

401 

.603 

450 

.653 

505 

.703 

319 

.504 

358 

.554 

402 

.604 

451 

.654 

506 

.704 

320 

.505 

359 

.555 

403 

•605 

452 

.655 

507 

.705 

321 

.506 

360 

.556 

404 

•606 

453 

.656 

508 

.706 

331 

.507 

361 

.557 

405 

•607 

454 

.657 

509 

.707 

322 

.508 

361 

.558 

406 

•608 

455 

.658 

511 

.708 

323 

.509 

362 

.559 

406 

•609 

456 

.659 

512 

.709 

324 

.510 

363 

.560 

407 

.610 

457 

.660 

513 

-.710 

324 

.511 

364 

.561 

408 

.611 

458 

.661 

514 

.711 

325 

.512 

365 

.562 

409 

.612 

459 

.662 

515 

.712 

326 

.513 

366 

.563 

410 

.613 

460 

.663 

516 

.713 

327 

.514 

366 

.564 

411 

.614 

461 

.664 

518 

.714 

327 

.515 

367 

.565 

412 

.615 

462 

.665 

519 

.715 

328 

.516 

368 

i;66 

413 

.616 

463 

.666 

520 

.716 

329 

.517 

369 

.567 

414 

.617 

465 

.667 

521 

.717 

330 

.518 

370 

.568 

415 

.618 

466 

.668 

522 

.718 

330 

.519 

371 

.569 

416 

.619 

467 

•669 

524 

.719 

331 

.520 

372 

.570 

417 

.620 

468 

.670 

525 

.720 

332 

.521 

372 

.671 

418 

.621 

469 

.671 

526 

.721 

333 

.522 

373 

.572 

419 

.622 

470 

.672 

527 

.722 

333 

..523 

374 

.573 

420 

.623 

471 

.673 

528 

.723 

334 

.524 

375 

.574 

421 

.624 

472 

.674 

530 

.724 

335 

.525 

376 

.575 

422 

.625 

473 

.675 

531 

.725 

336 

.526 

377 

.576 

423 

.626 

474 

.676 

532 

.726 

337 

.527 

378 

.577 

424 

.627 

475 

.677 

533 

.727 

337 

.528 

378 

.578 

425 

.628 

476 

.678 

535 

.728 

338 

.529 

379 

.579 

426 

.629 

478 

.679 

536 

.729 

339 

.530 

880 

.580 

427 

.630 

479 

.680 

537 

.730 

340 

.531 

381 

.581 

428 

.631 

480 

.681 

538 

.731 

340 

.532 

382 

.582 

429 

.632 

481 

.682 

540 

.732 

341 

£dZ 

383 

.583 

430 

.633 

482 

.683 

541 

.733 

342 

.534 

384 

.584 

431 

.634 

483 

.684 

542 

.734 

343 

535 

385 

.585 

432 

.635 

484 

.685 

543 

.735 

344 

.536 

385 

.586 

433 

.636 

485 

.686 

544 

.736 

344 

.537 

386 

.587 

434 

.637 

486 

.687 

546 

.737 

345 

.538 

387 

.588 

435 

.638 

488 

.688 

547 

.738 

346 

.539 

388 

.589 

436 

.639 

489 

.689 

548 

.739 

347 

.540 

389 

.590 

437 

.640 

490 

.690 

550 

.740 

848 

.541 

390 

.591 

438 

.641 

491 

.691 

551 

.741 

348 

.542 

391 

.592 

439 

.642 

492 

.692 

552 

.742 

349 

.543 

392 

.593 

440 

.643 

493 

.693 

553 

.743 

350 

.544 

393 

.594 

441 

.644 

494 

.694 

555 

.744 

851 

.545 

394 

£95 

442 

.645 

495 

.695 

556 

.745 

352 

.546 

894 

.596 

443 

.646 

497 

.696 

557 

.746 

352 

.547 

395 

.597 

444 

.647 

498 

.697 

558 

.747 

'   353 

i>48 

396 

.598 

445 

.648 

499 

.698 

560 

.748 

354 

.549 

397 

.599 

446 

.649 

500 

.699 

561 

.740 

855 

.550 

898 

.600 

447 

.650 

501 

.700 

56^ 

.750 
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94  TABLE  LXXVIII. 

Logarithnu  to  three  decimal  figure*^  itith  the  corresponding  Natural 

Numbers, 


No. 

Log. 

No. 

Log. 

No. 

Log. 

No. 

Log. 

No. 

Log. 

563 

.750 

631 

.800 

708 

.850' 

794 

.900 

891 

0^50 

564 

.751 

632 

.801 

710 

.851 

796 

.901 

893 

.951 

565 

.752 

634 

.802 

711 

.852 

798 

.902 

895 

.952 

566 

.753 

635 

.803 

713 

.853 

800 

.903 

897 

3S3 

568 

.754 

637 

.804 

714 

.854 

802 

.904 

899 

J54 

569 

.755 

638 

.805 

716 

.855 

804 

.905 

903 

.955 

570 

.756 

640 

.806 

718 

.856 

805 

.906 

904 

.956 

571 

.757 

641 

.807 

719 

.857 

807 

JK)7 

906 

.957 

573 

.758 

643 

.808 

721 

.858 

809 

.908 

908 

.958 

574 

.759 

644 

.809 

723 

.859 

811 

J09 

910 

.959 

575 

.760 

646 

.810 

734 

.860 

813 

.910 

912 

.960 

577 

.761 

647 

.811 

736 

.861 

815 

.911 

914 

.961 

578 

.762 

649 

.812 

738 

.862 

817 

.912 

916 

.962 

579 

.763 

650 

.813 

739 

.863 

818 

.913 

918 

.963 

581 

.764 

652 

.814 

731 

•864 

880 

.914 

930 

364 

583 

.765 

653 

.815 

733 

.865 

833 

.915 

933 

365 

583 

.766 

655 

.816 

735 

.866 

834 

.916 

925 

.966 

585 

.767 

656 

.817 

736 

.867 

836 

Sll 

937 

367 

586 

.768 

658 

.818 

738 

.868 

838 

SIS 

929 

368 

587 

.769 

«59 

.819 

740 

.869 

830 

.919 

931 

369 

589 

.770 

661 

.830 

741 

.870 

832 

.930 

933 

370 

590 

.771 

662 

.821 

743 

.871 

834 

.931 

935 

371 

592 

.772 

664 

.822 

745 

.872 

836 

.933 

938 

372 

593 

.773 

665 

.823 

746 

.873 

838 

.933 

940 

373 

594 

.774 

667 

.834 

748 

.874 

839 

.934 

943 

374 

596 

.775 

668 

.835 

750 

.875 

841 

.995 

944 

375 

597 

.776 

670 

.836 

752 

.876 

843 

.936 

946 

376 

598 

.777 

671 

.827 

753 

.877 

845 

.937 

948 

377 

600 

.778 

"673 

.828 

755 

.878 

847 

.938 

951 

378 

601 

.779 

675 

.839 

757 

.879 

649 

.929 

953 

379 

603 

.780 

676 

.830 

759 

.880 

851 

.930 

955 

380 

604 

.781 

678 

.831 

760 

.881 

853 

.931 

957 

381 

605 

.782 

679 

.832 

762 

.882 

855 

.932 

959 

383 

607 

.783 

681 

.833 

764 

.883 

857 

.9.33 

963 

383 

608 

.784 

682 

.834 

766 

.884. 

859 

.934 

964 

384 

610 

.785 

684 

.835 

767 

.885 

861 

.935 

966 

385 

611 

.786 

685 

.836 

769 

.886 

863 

.936 

968 

386 

612 

.787 

687 

.837 

771 

.887 

865 

.937 

971 

.987 

614 

.788 

689 

.838 

773 

.888 

867 

.938 

973 

368 

615 

.789 

690 

.839 

774 

.889 

869 

.939 

975 

389 

617 

.790 

692 

.840 

776 

.890 

871 

340 

977 

390 

618 

.791 

693 

.841 

778 

.891 

873 

.941 

080 

.991 

619 

.792 

695 

.842 

780 

.893 

875 

.943 

983 

.993 

691 

.793 

697 

.843 

.  782 

.893 

877 

.943 

964 

'393 

623 

.794 

698 

.844 

783 

.894 

879 

.944 

986 

394 

624 

.795 

700 

.845 

785 

.895 

881 

.945 

969 

395 

635 

.796 

701 

.846 

787 

.896 

883 

.946 

991 

396 

637 

.797 

703 

.847 

789 

.897 

885 

.947 

993 

,997 

638 

.798 

705 

.848 

791 

.898 

887 

.948 

995 

398 

630 

.799 

706 

.849 

793 

.899 

889 

.949 

998 

399 

631 

.800 

708 

.850 

794 

.900 

891 

.950 

1000 

.1060 
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TABLE  LXXIX. 


95 


Squares  of  Numbers  to  two  decimal  places 

No. 

Sq. 

No. 
0.60 

Sq. 
0.36 

No. 

Sq. 

No. 

1.80 

Sq. 
3.24 

No. 
2.40 

Sq. 
5.76 

No. 

Sq. 

0.00 

0.00 

150 

1.44 

3.00 

9.00 

0.01 

0.00 

0.61 

0.37 

151 

1.46 

1.81 

358 

241 

5.81 

3.01 

9.06 

0.02 

0.00 

0.62 

0.38 

152 

1.49 

1.82 

3.31 

2.42 

5.86 

3.02 

9.12 

0.03 

0.00 

0.63 

0.40 

153 

1.51 

1.83 

3.35 

2.43 

5.90 

3.03 

9.18 

0.04 

0.00 

0.64 

041 

1.24 

1.54 

1.84 

3.39 

2.44 

5.95 

3.04 

9.24 

0.05 

0.00 

0.65 

0.42 

1.25 

1.56 

1.85 

3.42 

2.45 

6.00 

3.05 

9.30 

0.06 

0.00 

0.66 

0.44 

156 

1.59 

1.86 

346 

2.46 

6.05 

3.06 

9.36 

0.07 

0.00 

0.67 

0.45 

157 

1.61 

1.87 

3.50 

2.47 

6.10 

3.07 

9.42 

e.08 

0.01 

0.68 

046 

158 

1.64 

1.88 

3.53 

2.48 

6.15 

3.08 

9.49 

0.09 

0.01 

0.69 

0.48 

159 

1.66 

1.89 

3.57 

2.49 

650 

3.09 

9.55 

0.10 

0.01 

0.70 

0.49 

1.30 

1.69 

1.90 

3.61 

2.50 

655 

3,10 

9.61 

0.11 

0.01 

0.71 

0.50 

1.31 

1.72 

1.91 

3.65 

2.51 

6.30 

3.11 

9.67 

0.12 

0.01 

0.72 

0.52 

1.32 

1.74 

1.92 

3.69 

2.52 

6.35 

3.12 

9.73 

0.13 

0.02 

0.73 

0.53 

1.33 

1.77 

1.93 

3.72 

2.53 

6.40 

3.13 

9.80 

0.14 

0.02 

0.74 

0i;5 

1.34 

1.80 

1.94 

3.76 

2.54 

6.45 

3.14 

9.86 

0.15 

0.02 

0.75 

0.56 

1.35 

1.82 

1.95 

3.80 

2.55 

6.50 

3.15 

9i)2 

0.16 

0.03 

0.76 

0.58 

1.36 

1.85 

1.96 

3.84 

2.56 

6.55 

3.16 

9.99 

0.17 

0.03 

0.77 

0.59 

1.37 

1.88 

1.97 

3.88 

2.57 

6.60 

3.17 

10.05 

0.18 

0.03 

0:78 

0.61 

1.38 

1.90 

198 

3Jd2 

2.58 

6.66 

3.18 

10.11 

0.19 

0.04 

0.79 

0.62 

1.39 

1.93 

1.99 

3.96 

2.59 

6.71 

3.19 

10.18 

OiM) 

0.04 

0.80 

0.64 

1.40 

1.96 

2.00 

4.00 

2.60 

6.76 

3.20 

1054 

Oi21 

0.04 

0.81 

0.66 

141 

1.99 

2.01 

4.04 

2.61 

6.81 

351 

10.30 

052 

0.05 

0.82 

0.67 

1.42 

2.02 

2.02 

408 

2.62 

6.86 

352 

10.37 

053 

0.05 

0.83 

0.69 

1.43 

2.04 

2.03 

4.12 

2.63 

6.92 

353 

1Q43 

0.24 

0.06 

0.84 

0.71 

1.44 

2.07 

2.04 

4.16 

2.64 

6.97 

3.24 

10.50 

055 

0.06 

0.85 

0.72 

1.45 

2.10 

3.05 

4.20 

2.65 

7.02 

3.25 

10.56 

056 

0.07 

0.86 

0.74 

1.46 

2.13 

2.06 

4.24 

2.66 

7.08 

356 

10.63 

057 

0.07 

0.87 

0.76 

1.47 

2.16 

2.07 

458 

2.67 

7.13 

357 

10.69 

058 

0.08 

0.88 

0.77 

1.48 

2.19 

2.08 

4.33 

2.68 

7.18 

3.28 

10.76 

059 

0.08 

0.89 

0.79 

1.49 

2.22 

2.09 

4.37 

2.69 

754 

359 

10.82 

0.30 

0.09 

0.90 

0.81 

1.&0 

2.25 

2.10 

4.41 

2.70 

7.29 

3.30 

10.89 

0.31 

0.10 

0.91 

0.83 

1.51 

258 

2.11 

4.45 

2.71 

7.34 

3.31 

10.96 

0.32 

0.10 

0.92 

0.85 

1.52 

2.31 

2.12 

449 

2.72 

7.40 

3.32 

11.02 

0.33 

0.11 

0.93 

0.86 

1.53 

2.34 

2.13 

4.54 

2.73 

7.45 

3.33 

11.09 

0.34 

0.12 

0.94 

0.88 

IM 

2.37 

2.14 

4.58 

2.74 

7.51 

3.34 

11.16 

0.35 

0.12 

0.95 

0.90 

1.55 

2.40 

2.15 

4.62 

2.75 

7.56 

3.35 

1152 

-  0.36 

0.13 

0.96 

0.92 

1.56 

243 

2.16 

4.67 

2.76 

7.62 

3.36 

1129 

0.37 

0.14 

0.97 

0.94 

1.57 

2.46 

2.17 

4.71 

2.77 

7.67 

3.37 

11.36 

0.38 

0.14 

0.98 

0.96 

1.58 

2.50 

2.18 

4.75 

2.78 

7.73 

3.38 

11.42 

0.39 

0.15 

099 

0.98 

1.59 

2.53 

2.19 

4.80 

2.79 

7,78 

3.39 

11.49 

040 

0.16 

1.00 

1.00 

1.60 

2.56 

250 

4M 

2.80 

7.84 

3.40 

11.56 

S'.42 

0.17 

l.Ol 

1.02 

1.61 

2.59 

251 

4.88 

2.81 

7.90 

"341 

11.63 

0.18 

1.02 

1.04 

1.62 

2.62 

2.22 

4.93 

2.82 

7.95 

3.42 

11.70 

0.43 

0.18 

1.03 

1.06 

1.63 

2.66 

2.23 

4.97 

2.83 

8.01 

3.43 

11.76 

044 

0.19 

1.04 

1.08 

1.64 

2.69 

254 

5.02 

2.84 

8.07 

3.44 

11.83 

0.45 

050 

1.05 

1.10 

1.65 

2.72 

2.25 

5.06 

2.85 

8.12 

'3.45 

llilO 

0.46 

051 

1.06 

1.12 

1.66 

2.76 

256 

5.11 

2.86 

8.18 

3.46 

n.97 

0.47 

0.22 

1.07 

1.14 

1.67 

2.79 

257 

5.15 

2.87 

8.24 

3.47 

12.04 

048 

053 

1.08 

1.17 

1.68 

2.82 

2.28 

5.20 

2.88 

859 

3.48 

12.11 

0.49 

054 

1.09 

1.19 

1.69 

2.86 

259 

554 

2.89 

8.35 

3.49 

12.18 

0.50 

055 

1.10 

151 

1.70 

2.89 

2.30 

559 

2.90 

841 

3.50 

12.25 

0.51 

056 

1.11 

1.23 

1.71 

2.92 

2.31 

5.34 

2.91 

847 

351 

12.32 

.0.52 

057 

1.12 

1.25 

1.72 

2.96 

2.32 

5.38 

2.92 

8.53 

3.52 

12.39 

0.53 

058 

1.13 

1.28 

1.73 

2.99 

2.33 

5.43 

2.93 

8.58 

3.53 

1246 

0.54 

059 

1.14 

1.30 

1.74 

3.03 

2.34 

5.48 

2.94 

8.64 

3.54 

12.53 

0.55 

0.30 

1.15 

1.32 

1.75 

3.0c 

2.35 

5.52 

2.95 

8.70 

.3.55 

12.60 

0.56 

0.31 

1.16 

1.35 

1.76 

3.10 

2.36 

5.57 

2.96 

8.76 

3.56 

12.67 

0.57 

0.32 

1.17 

1.37 

1.77 

3.13 

2.37 

5.62 

2.97 

8.82 

3.57 

12.74 

0.58 

0.34 

1.18 

1.39 

1.78 

3.17 

2.38 

5.66 

2.98 

8.88 

3.58 

12.82 

0.59 

0.35 

1.19 

1.42 

1.79 

3.20 

2.39 

5.71 

2.99 

8.94 

3.59 

12.89 

0.60 

0.36 

150 

1.44 

1.80 

354 

2.40 

5.76 

3.60 

9.00 

3.60 

12.96 
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TABLE  LXXIX. 


Squares  of  Numbers  to  two  decimal  places* 

No. 

Square 

Wo. 

Square 

No. 

Square 

No. 

Square 

No. 

Square 

3.60 

12.96 

4S10 

17.64 

480 

23.04 

5.40 

29.16 

6.00 

36.00 

3.61 

13.03 

421 

17.72 

481 

23.14 

5.41 

2957 

6.01 

36J2 

3.62 

13.10 

4.22 

17.81 

4.82 

23.23 

5.42 

29.38 

6.02 

3654 

3.63 

13.18 

423 

17.89 

483 

23.33 

5.43 

23.48 

6.03 

36.36 

3.64 

13J35 

4M 

17.98 

484 

23.43 

5.44 

29.59 

6.04 

36.48 

3.65 

13.32 

4Ji5 

18.06 

485 

23.52 

5.45 

29.70 

6.05 

36.60 

3.66 

13.40 

4.26 

18.15 

4.86 

23.62 

5.46 

29.81 

6.06 

36.72 

3.67 

13.47 

457 

18.23 

487 

23.72 

5.47 

29.92 

6.07 

36.84 

3.68 

13.54 

3.28 

18.32 

4.88 

23.81 

5.48 

30.03 

6.08 

36.97 

3.69 

13.62 

4iKJ 

18.40 

4.89 

23.91 

5.49 

30.14 

6.09 

37.09 

3.70 

13.69 

430 

18.49 

4.90 

24.01 

5j;o 

3055 

6.10 

3751 

3.71 

13.76 

4.31 

18.58 

4.91 

2411 

5.51 

30.36 

6.11 

37.33 

3J2 

13.84 

4.32 

18.66 

4.92 

fUSli 

5.52 

30.47 

6.12 

37.45 

3.73 

13J1 

4.33 

18.75 

493 

24.30 

5.53 

30.58 

6.13 

37.58 

3.74 

13.99 

4.34 

18.84 

494 

24.40 

5.54 

30.69 

6.14 

37.70 

3.75 

14.06 

4.35 

18.92 

4.95 

24.50 

5.55 

30.80 

6.15 

37.82 

3.76 

1414 

4.36 

19.01 

496 

2460 

5.56 

30.91 

6.16 

37.95 

3.77 

1421 

437 

19.10 

4.97 

24.70 

5.57 

31.02 

6.17 

38.07 

3.78 

1429 

4.38 

19.18 

498 

2480 

5.58 

31.14 

6.18 

38.19 

3.79 

1436 

4.39 

19ia7 

4.99 

2490 

5.59 

3155 

6.19 

38.32 

3.80 

14.44 

4.40 

19.36 

5.00 

25.00 

5.60 

31.36 

620 

3a44 

3.81 

14.52 

4.41 

19.45 

5.01 

25.10 

5.61 

31.47 

651 

38^16 

3.82 

14.59 

4.42 

19.54 

5.02 

25SiO 

5.62 

31.58 

652 

38.69 

3.83 

1467 

4.43 

19.62 

5.03 

25.30 

5.63 

31.70 

653 

38.81 

3.84 

1475 

444 

19.71 

5.04 

25.40 

5.64 

31.81 

6.24 

38.94 

3.85 

1482 

4.45 

19.80 

5.05 

25^0 

5.65 

31.92 

655 

39.06 

3.86 

1490 

446 

19.89 

5.06 

25.60 

5.66 

32.04 

656 

39.19 

3.87 

14.98 

447 

19.98 

5.07 

25.70 

5.67 

32.15 

657 

39.31 

3.88 

15.05 

4.48 

20.07 

5.08 

25.81 

5.68 

3256 

658 

39.44 

3.89 

15.13 

4.49 

20.16 

5.09 

25.91 

5.69 

32.38 

659 

39.56 

3.90 

15.21 

4.50 

20i25 

5.10 

26.01 

5.70 

32.49 

6.30 

39.69 

3.91 

15i29 

451 

20.34 

5.11 

26.11 

5.71 

32.60 

6.31 

39.82 

3.92 

15.37 

4.52 

20.43 

5.12 

2eJ21 

5.72 

32.72 

6.32 

39.94 

3.93 

15.44 

4.53 

20.52 

5.13 

26.32 

5.73 

32.83 

6.33 

40.07 

3.94 

15.52 

454 

20.61 

5.14 

26.42 

5.74 

32.95 

6.34 

4050 

3.95 

15.60 

455 

20.70 

5.15 

26.52 

5.75 

33,06 

6.35 

40.32 

3.96 

15.68 

4.56 

20.79 

5.16 

26.63 

5.76 

33.18 

6.36 

40.45 

3.97 

15.76 

4.57 

20.88 

5.17 

26.73 

5.77 

3359 

6.37 

40.58 

3.98 

15.84 

4.58 

20.98 

5.18 

26.83 

5.78 

33.41 

6.38 

40.70 

3.99 

15.92 

4.59 

21.07 

5.19 

26.94 

5.79 

33i;2 

6.39 

40.83 

4.00 

16.00 

4.60 

21.16 

5.20 

27.04 

5.80 

33.64 

6.40 

40.96 

401 

16.08 

4.61 

21.25 

5.21 

27.14 

5.81 

33.76 

6.41 

41.09 

4.02 

16.16 

4.62 

21.34 

5.^ 

2755 

5.82 

33.87 

642 

4152 

4.03 

16.24 

463 

21.44 

5.23 

27.35 

5.83 

33.99 

6.43 

41.34 

4.04 

16.32 

464 

21.53 

5M 

27.46 

5.84 

34.11 

6.44 

41.47 

4.05 

16.40 

4.65 

21.62 

5.25 

27.56 

5.85 

34.22 

6.45 

41.60 

4.06 

16.48 

4.66 

21.72 

5.26 

27.67 

5.86 

3434 

646 

41.73 

407 

16.56 

4.67 

21.81 

5.27 

27.77 

5.87 

3446 

6.47 

41.86 

408 

16.65 

468 

21.90 

5.28 

27.88 

5.88 

3457 

648 

41.99 

409 

16.73 

4.69 

22.00 

5.29 

27.98 

5.89 

3469 

6.49 

42.12 

410 

16.81 

4.70 

22.09 

5.30 

28.09 

5.90 

3481 

6.50 

42.25 

411 

16.89 

471 

22.18 

5.31 

28.20 

5.91 

3493 

6.51 

42.38 

412 

16.97 

472 

22ii8 

5.32 

2a30 

5.92 

35.05 

6.52 

42.51 

4.13 

17.06 

473 

22.37 

5.33 

28.41 

5.93 

35.16 

6.53 

42.64 

414 

17.14 

474 

22.47 

5.34 

28.52 

5.94 

35.28 

6.54 

42.77 

4.15 

17.22 

475 

22.56 

5.35 

28.62 

5.95 

35.40 

6.55 

42.90 

416 

17.31 

476 

22.66 

5.36 

28.73 

5.96 

35.52 

6.56 

43.03 

417 

17.39 

477 

22.75 

5.37 

28.84 

5.97 

35.64 

6.57 

43.16 

418 

17.47 

478 

22.85 

5.38 

28.94 

5.98 

35.76 

6.58 

43.30 

419 

17J56 

479 

22.94 

5.39 

29.05 

5.99 

35.88 

6.59 

43.43 

ASO 

17.64 

4.80 

23.04 

5.40 

29.16 

6.00 

36.00 

6.60 

43.56 
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S^ptares  of  Numbers  to  two  decimal  places. 

No. 

Square 

No. 

Square 

No. 

Square 

No. 

Square 

6.60 

43.56 

7.20 

51.84 

7.80 

60.84 

a4o 

70.56 

6.61 

43.69 

mi 

51.98 

7.81 

61.00 

6.41 

70.73 

6.62 

43.82 

7.22 

52.13 

7.82 

61.15 

a42 

70.90 

6.63 

43.96 

7.23 

52.27 

7.83 

61.31 

8.43 

71.06 

6.64 

44.09 

7.24 

52.42 

7.84 

61.47 

8.44 

n^% 

6.65 

44.2;^ 

7.25 

52.56 

7.85 

61.62 

6.45 

71.40 

6.66 

44.36 

7.26 

52.71 

7.86 

61.78 

8.46 

71.57 

6.67 

44.49 

7.27 

52.85 

7.87 

61.94 

8.47 

71.74 

6.68 

44.62 

7.28 

53.00 

7.88 

62.09 

8.48 

71.91 

6.69 

44.76 

7.29 

53.14 

7.89 

62.25 

8.49 

72.08 

6.70 

44.89 

7.30 

53.29 

7.90 

62.41 

8.50 

72J25 

6.71 

45.02 

7.31 

53.44 

7.91 

62.57 

8.51 

72.42 

6.72 

45.16 

7.32 

53.58 

7.92 

62.73 

8.52 

72.59 

6.73 

45.29 

7.33 

53.73 

7.93 

62.88 

8.53 

72.76 

6.74 

45.43 

7.34 

59.88 

7.94 

63.04 

8.54 

72.93 

6.75 

45.56 

7.35 

54.02 

7,95 

63^20 

8.55 

73.10 

6.76 

45.70 

7.36 

54.17 

7.96 

63.36 

8.56 

73J27 

6.77 

45.83 

7.37 

54.32 

7.97 

6;).52 

8.57 

73.44 

6.78 

45.97 

7.38 

54.46 

7.98 

63.68 

8.58 

73.62 

6.79 

46.10 

7.39 

54.61 

7.99 

63.84 

8.59 

78.79 

&80 

46.24 

7.40 

54.76 

8,00 

64.00 

8.60 

73.96 

6.81 

46.38 

7.41 

54.91 

8.01 

64.16 

6.61 

74.13 

6.82 

46.51 

7.42 

55.06 

8.02 

64.32 

8.62 

74.30 

6.83 

46.65 

7.43 

55.20 

8.03 

64.48 

8.63 

7448 

6.84 

46.79 

7.44 

55.35 

8.04 

64.64 

8.64 

74.65 

6.85 

46.92 

7.45 

55.50 

8.05 

64.80 

8.65 

74.82 

€.86 

47.06 

7.46 

55.65 

8.06 

64.96 

8.66 

75.00 

6.87 

47.20 

7.47 

55.80 

8.07 

65.12 

8.67 

75.17 

•a88 

47.33 

7.48 

55.95 

8.08 

65.29 

8.68 

75.34 

6.89 

47.47 

7.49 

56.10 

8.09 

65.45 

8.69 

75.52 

6i)0 

47.61 

7.50 

56.25 

8.10 

65.61 

8.70 

75.69 

6.31 

47.75 

7.51 

56.40 

8.11 

65.77 

8.71 

75.86 

6.92 

47.89 

7.52 

56.55 

8.12 

65.93 

8.7ii 

76.04 

6.93 

4a02 

7.53 

56.70 

8.13 

66.10 

8.73 

76.21 

6.94 

48.16 

7.54 

56.85 

8.14 

66i^6 

8.74 

76.89 

6.95 

48.30 

7.55 

57.00 

8.15 

66.42 

8.75 

76.56 

6.96 

48.44 

7.56 

57.15 

8.16 

66.59 

8.76 

76.74 

6.97 

48.58 

7.57 

57.30 

8.17 

66.75 

8.77 

76.91 

6.98 

48.72 

7.58 

57.46 

8.18 

66.91 

8.78 

77.09 

6.99 

48.86 

7.59 

57.61 

8.19 

67.08 

8.79 

77.26 

7.00 

49.00 

7,60 

57.76 

8.20 

67.24 

8.80 

77.44 

7.01 

49.14 

7.61 

57.91 

8.21 

67.40 

8.81 

77.62 

7.02 

49.28  • 

7.62 

58.06 

8.22 

67.57 

8.82 

77.79 

7.03 

49.42 

7.63 

58.22 

8.23 

67.73 

8.83 

77.97 

7.04 

49.56  • 

7.64 

58.37 

8.24 

67.90 

8.84 

78.15 

7.05 

49.70 

7.65 

58.52 

8.25 

68.06 

8.85 

78^2 

7.06 

49.84 

7.66 

58.68 

8.26 

68.23 

8.86 

76.50 

.7.07 

49.98 

7.67 

58.83 

8.27 

68.39 

8.87 

78.68. 

7.08 

50.13 

7.68 

58.98 

8ii8 

68.56 

8.88 

76.65 

7.09 

50i27 

7.69 

59.14 

8.29 

68.72 

8.89 

790)3 

7.10 

50.41 

7.70 

59.29 

8.30 

68.89 

8.90 

79i21 

7.11 

50.55 

7.71 

59.44 

8.31 

69.06 

8.91  , 

793 

7.12 

50.69 

7.72- 

59.60 

8.32 

69i22 

8.92 

79*67 

7.18 

50.84 

7.73 

59.75 

8.33 

69;39 

8.93 

79.74 

7.14 

50.98 

7.74 

59.91 

8.34 

69.56 

8.94 

79.92 

7.15 

51.12 

7.75 

60.06 

8.35 

69.72 

8.95 

80.10 

7.16 

SlSll 

7.76 

60i22 

8.36 

69.89 

8.96 

60.28 

7.17 

51.41 

7.77 

60.37 

8.37 

70.06 

8.97 

60.46 

7.18 

51.55 

7.78 

60.53 

8.38 

70.22 

8.98 

80.64 

7.19 

51.70 

7.79 

60.68 

8.39 

70.39 

8.99 

60.82 

7.20 

51.64 

7.80 

60.84 

8.40 

70.56 

9.00 

81.00 

13 
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TABLE  LXXX. 


Squares  of  Numbers  from  0.01  to  6.60. 


No. 

Square. 

No. 

Square. 

No. 

Square. 

No. 

Square. 

No. 

Square. 

0.00 

0.0000 

0.50 

05500 

1.00 

1.0000 

1.50 

25500 

2.00 

4.0000 

0.01 

0.0001 

0.51 

05601 

1.01 

1.0201 

1.51 

25801 

2.01 

4.0401 

0.02 

0.0004 

0.52 

05704 

1.02 

1.0404 

1.52 

2.3104 

2.02 

4.0804 

0.03 

0.0009 

0.53 

05809 

1.03 

1.0609 

1.53 

2.3409 

2.03 

4.1209 

0.04 

0.0016 

0.54 

05916 

1.04 

1.0816 

IM 

2.3716 

2.04 

41616 

0.05 

0.0025 

0.55 

0.3025 

1.05 

1.1025 

1.55 

24025 

2.05 

4.2025 

0.06 

0.0036 

0.56 

0.3136 

1.06 

1.1236 

1.56 

2.4336 

2.06 

45436 

0.07 

0.0049 

0.57 

0.3249 

1.07 

1.1449 

1.57» 

24649 

2.07 

45849 

0.08 

0.0064 

0.58 

0.3364 

1.08 

1.1664 

1.58 

24964 

2.08 

4.3264 

0.09 

0.0081 

0.59 

0.3481 

1.09 

1.1881 

1.59 

2.5281 

2.09 

4.3681 

0.10 

0.0100 

0.60 

0.3600 

1.10 

15100 

1.60 

2.5600 

2.10 

44100 

O.Il 

0.0121 

0.61 

0.3721 

l.ll 

15321 

1.61 

2.5921 

2.11 

4.4521 

0.12 

0.0144 

0.62 

0.3844 

1.12 

15544 

1.62 

2.6244 

2.12 

4.4944 

0.13 

0.0169 

0.63 

0.3969 

1.13 

15769 

1.63 

2.6569 

2.13 

4.5369 

0.14 

0.0196 

0.64 

0.4096 

1.14 

15996 

1.64 

2.6896 

2.14 

4.5796 

0.15 

0.0225 

065 

0.4225 

1.15 

1.3225 

1.65 

2.7225 

2.15 

4.6225 

0.16 

0.0256 

0.66 

04356 

1.16 

1.3456 

1.66 

2.7556 

2.16 

4.6656 

0.17 

0.0289 

0.67 

0.4489 

1.17 

1.3689 

1.67 

2.7889 

2.17 

4.7089 

0.18 

0.0324 

0.68 

04624 

1.18 

1.3924 

1.68 

2.8224 

2.18 

4.7524 

0.19 

0.0361 

0.69 

04761 

1.19 

14161 

1.69 

2.8561 

2.19 

4.7961 

OiJO 

0.0400 

0.70 

0.4900 

150 

1.4400 

1.70 

2.8900 

250 

4.8400 

051 

0.0441 

0.71 

0.5041 

151 

14641 

1.71 

2.9241 

251 

4.8841 

0.22 

0.0484 

0.72 

0.5184 

152 

1.4884 

1.72 

2.9584 

252 

4.9284 

0.23 

0.0529 

0.73 

0.5329 

153 

1.5129 

1.73 

2.9929 

253 

4.9729 

0.24 

0.0576 

0.74 

0.5476 

154 

1.5376 

1.74 

3.0276 

254 

5.0176 

0J25 

0.0625 

0.75 

0.5625 

155 

1.5625 

1.75 

3.0625 

2.25 

5.0625 

0J26 

0.0676 

0.76 

0.5776 

156 

1.5876 

1.76 

3.0976 

256 

5.1076 

OJ27 

0X)729 

0.77 

0.5929 

157 

1.6129 

1.77 

3.1329 
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Squares  of  Numbers  from  0.01  to  6.60. 


No. 

Square. 

No. 

Square. 

No. 

Square. 

No. 

Square. 
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Squares  of  Numbers  from  0.01  to  6.60 


No. 

Square 

No. 

Square  1 

No. 

Square  i 

No. 
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5.59 
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37.5769 
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5.14 
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37.9456 
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5.17 

26.7289 

5.67 

32.1489 
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4.68 
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4.69 
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5.19 

26.9361 

5.69 
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6.19 

38.3161 
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27.0400 

5.70 

32.4900 
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38.4400 

4.71 

22.1841 

5.21 

27.1441 

5.71 

32.6041 

651 

38.5641 

4.72 

225784 

5.22 

27.2484 

5.72 

32.7184 

6.22 

38.6884 

4.73 

22.3729 

5.23 

27.3529 

5.73 

32.8329 

623 

38.8129 

174 

22.4676 

5.24 

27.4576 

5.74 

32.9476 

654 

38.9376 

4.75 

22.5625 

5.25 

27.5625 

5.75 

83.0625 

655 

39.0625 

4.76 

22.6576 

5.26 

27.6676 

6.76 

33.1776 

656 

39.1876 

477 

22.7529 

5.27 

27.7729 

5.77 

335929 

657 

39.3129 

4.78 

22.8484 

5.28 

27.8784 

5.78 

33.4084 

658 

39.4384 

4.79 

22i)441 

5i» 

27.9841 

5.79 

33.5241 

659 

39.5641 

4.80 

23.0400 

5.30 

28.0900 

5.80 

33.6400 

6.30 

39.6900 

4.81 

23.1361 

5.31 

28.1961 

5.81 

33.7561 

6.31 

39.8161 

4.82 

23.2324 

5.32 

28.3024 

5.82 

33.8724 

6.32 

39.9424 

4.83 

23.3289 

5.33 

28.4089 

5.83 

33.5889 

6.33 

40.0689 

.'   4.84 

23.4256 

5.34 

28.5156 

5.84 

34.1056 

6.34 

40.1956 

'  4.85 

23.5225 

5.35 

^  28.6225 

5.85 

345225 

6..35 
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5.86 
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6.36 

40.4496 
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23.7169 
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5.91 
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5.92 
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^0r  tie  Aberraiian  of  a  Star  in  Right  Ascension  and  Declinatiim^ 
AnouMBirr.    Sna's  true  longitude* 
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TABJCiE  LXUII. 


Far  the  Aberration  af  a  Star  in  Right  AseeMum  and  DeeUmiium* 
Abovmsnt.   Sun's  Longitude,  more  or  less  the  Star's  Declination. 
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'  AKGUKBirr.     Mean  Longitude  of  Moon's  Ascending  Node. 
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